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Abstract 
Valiolamine 23 was firstly isolated from the fermentation broth of Streptomyces 
hygroscopicus subsp. limoneus IFO 1270329 and was shown to be a powerful 
inhibitor towards a-D-glucosidase. Synthesis of valiolamine and its diastereoisomers 
25, 26，27 from (-)-quinic acid in enantiospecific fashion were achieved. In the first 
part of the synthesis, the chirality of C-3，C-4 and C-5 in 23 was established and a key 
intermediate 62 was obtained. Compound 26 could be obtained by diastereospecific 
introduction of azide functionality to C-1 followed by deprotection. Diastereospecific 
inversion of C-1 and C-2 as well as the introduction of a nitrogen functionality to C-1 
gave valiolamine 23. On the other hand，the chirality of C-1 and C-2 in 62 was 
inverted and was converted into cyclic sulfate 65. Regio-specific opening of the cyclic 
sulfate by azide ion led to target 25 after deprotection. Inversion of C-2 of such 
percusor followed by deprotection gave 27. The glycosidase inhibition properties of 
the target molecules were examined in order to study the structure activity relationship. 
iv 
Abbreviat ions 
Ac acetyl mp melting point 
Bn benzyl MS mass spectrometry 
Bzl benzoyl Ms methanesulfonyl 
Bun n-butyl NMR nuclear magnetic resonance 
But tert-buty\ PCC pyridinium chlorochromate 
"C degrees Celsius Ph phenyl 
calcd calculated q quatet 
Cbz benzyloxycarbonyl rt room temperature 
CI chemical ionization s singlet 
d day(s); doublet t triplet 
DBU l,8-diazabicyclo[5.4.0] tBDPSi tert-butyl diphenyl sUyl 
undec-7-ene Tf trifluoromethanesulfonyl 
DEAD diethyl azodicarboxylate TFA trifluoroacetic acid 
DIBAL-H diisopropylaluminium TFAA trifluoroacetic anhydride 
hydride THF tetrahydrofuran 
DMAP ‘(dimethylamino) pyridine TLC thin layer chromatography 
DMF A^,A^-dimethyl formamide TMS tetramethylsilane 
DMSO dimethyl sulfoxide Tr triphenyl methyl 
EI electron impact Ts p-toluenyl sulfonyl 
Hz hertz 
IR infrared 
J coupling constant 
LAH lithium aluminium hydride 
m mutiplet 
mCPBA m-chloroperoxybenozic acid 
m/z mass to charge ratio 
V 
I . In t roduct ion 
I - l . General Background of Pseudo-sugar 
Valiolamine belongs to a group of compounds called ‘‘pseudo-sugar”. The 
difference between sugars and pseudo-sugars is that the ring oxygen atom of a cyclic 
monosaccharide is replaced by a methylene group. Since the reactive group of a sugar, 
the aldehyde or the ketone group, is absent in carba-sugars’卞 they do not show 
characteristic reactions of reducing sugars such as mutarotation, the reduction of heavy 
metal salt and the formation of hydrazone or osazonesJ^ 
There are two kinds of carba-sugars, namely carba-pyranoses and -furanoses.§ 
They have been studied during the past two decades and their derivatives were found to 
be components of important antibiotics.^^ It was suggested that the bio-activity of 
carba-sugar is the result of the structural resemblance between carba-sugar and sugar.2 
However, very little is known about carba-furanose; therefore, much attentions have 
been drawn to carba-pyranoses mainly. 
Figure 1 shows three carba-pyranoses. Compound 1 is the first recognized 
carba-sugar and was synthesized by McCasland and co-workers.^ They also prepared 
two more carba-sugars 2 and 3.2’4 
H 。 必 " l A 
H 。 ^ ^ ^ V ^ 。 H 
HO OH OH 
1 2 3 
Fig.1 
The interest of synthesizing carba-sugar is that they might be accepted by 
enzymes or biological systems and might inhibit their function; therefore, they may 
t The prefix "carba" has been used to replace "pseudo" in ihe present thesis. 
§ "carba-pyranose" and "carba-furanose" corresponding to carba-sugiir of pyraiiose and furanose 
respectively. 
. 1 
serve to inhibit the growth of pathogenic cells. Other potential use of carba-sugar are as 
anti-AIDS agent due to their anti-viral a c t i v i t i e s as non-nutritive sweeteners^ and 
for biochemical studies of specific enzyme inhibition?’ 10 
Like sugars, there are also oligosaccharides and monosaccharides in carba-
sugars. 
1-2. Monocarba-sugar 
Carba-sugars with one cyclohexane unit (i.e. carba-pyranose) are discussed first. 
Some attentions have already been drawn to construct the cyclohexane skeleton of 
carba-pyranoses. So far, there were four major approaches to accomplish this. 
The first approach is the furan Diels-Alder reaction developed by Ogawa^^'^^ and 
his co-workers. The synthesis affords racemic products. The key reaction is the Diels-
Alder reaction between furan and acrylic acid (Scheme 1). The racemic Diels-Alder 
adduct 4 can be resolved with optically active (+)-oc-methylbenzylamine.lb The 1,4-
cyclic ether linkage of 5 can be opened with acid. 
O QH 
f ^ o II ——J^ \ ] k v S 
� ^ c o o H ^ 
CO2H X I 6h 
4 5 6 
Scheme 1 
The second approach is the Ferrier rearrangement (Scheme 2). 13 Compound 7 
can be synthesized from D - g l u c o s e . 14 Treatment of 7 with mercury (II) salt gave the 
substituted cyclohexanone 8. 
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The third approach includes Wadsworth-Emmons-Homer alkenationl5 and 
Knoevenagel-Doebner condensation. 16 In fact，the key reaction of the approach is the 
intramolecular aldol-condensation (Scheme 3). 
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The fourth approach involves the use of some homochiral cyclohexane moiety as 
the starting m a t e r i a l . 口，18，19 The well developed one is the use of (-)-quinic acid as the 
starting material followed by functional group transformations. 
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1-3. Dicarba-sugar 
Some carba-sugar consists of more than one sugar unit was known for a long 
time. Disaccharidet validamycins 13 was discovered in 197020 from a fermentation 
beer of Streptomyces hygroscopicus var. liinoneus. Acai'bose^^ 14, a d i p o s i n ^ ^ 15, 
trestatin23 16 have also been discovered as enzyme inhibitors in fermentation broths. 
Validoxylamine A 17，an unsaturated dicarba-a，a-trehalose analogue, possesses 
strong inhibiting activity against certain insect trehalase.24 Methyl acarviosin^^ 18 is a 
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Fig. 2 
t Disaccharides and monosaccharides are used for carba-sugars in this thesis 
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configuration's was synthesized by Brimacombe and is a strong inhibitor of Jack bean 
a-D-mannosidase. Normally, syntheses of such disaccharides involve a coupling 
process which couples two or more monosaccharide units into a oligosaccharide. 
There are some methods to couple caba-sugar units. They are halide displacement, 
reductive amination^^ and epoxide a m i n o l y s i s . 2 4 ， 2 5 On the other view point, syntheses 
of monocarba-sugars are very important because they are the precursors of 
disaccharides. Disaccharides can be synthesized from the monosaccharides themselves 
or by their synthetic intermediates. 
From the structures of the oligosaccharides listed above, we would find that the 
amino carba-sugars are most important because the imino-linkage appears most 
frequently in the oligosaccharides. Synthesis of amino carba-sugar have drawn much 
attention, la 
1-4. Isolat ion of Val iolamine and Its Related Compounds 
Valienamine 20，validamine 21^7 and hydroxyvalidamine 22 were isolated by 
chemical or microbial degradation 28 of validamycin. They all showed a-glycosidase 
inhibition. In 1984，a more potent amino carba-sugar，valiolamine 23，was firstly 
isolated from the fermentation broth of Streptomyces hygroscopicus subsp. limoneus 
. 6 
广 , 0 H , O H 
OH OH OH OH 
21 22 23 R=H 
24 R= 
Fig. 3 ^ ^ 
IFO 1270329, which produces validamycins. Valiolamine is the most potent a -
glucosidase inhibitor among the four aminocyclitols. 
The structure of valiolamine was deduced to be (25>(l,2，4，5/3)-5-amino-l-C-
hydroxymethyl-l，2，3，4-cyclohexaneteti.aol by spectroscopic s t u d i e s . 2 9 The structure 
was finally been established by the stereoselective conversion of valienamine or 
validamine into valiolamine.^^ Some A^-substituted valiolamines were synthesized^^ 
and they showed higher activities than the parent valiolamine. The A^-substituted 
valiolamine 24，known as AO-128，had activity strong enough to be applicable to 
clinical treatment of diabetes.31 The results of the higher activities of //-substituted 
valiolamines were believed to be the interaction of the substituent with the aglycon 
binding subsite of the e n z y m e . 3 2 
Figure 4 shows the structural resemblance between valiolamine^ and a-D-
glucose. Since valiolamine is a potent a-glucosidase inhibitor, it was expected that 25， 
which possesses the p-amino group, may be a p-glucosidase inhibitor. Along this vein 
of reasoning, 26 and 27 may be an a-mannosidase or a p-mannosidase inhibitor 
respectively. Hence syntheses of these four carba-sugars are relevant with respect to 
their potential use as anti-bacterial, anti-viral or anti-AIDS agents. 
卞 Numbering system of pyranose is employed. 
.7 
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Fig. 4 
Syntheses of compound 2330，33，34，26 and 2526 are known but the syntheses of 
compound 26 and 27 have not been reported. 
1-5. Previous Syntheses of Val io lamine 
Since the isolation of valiolamine at 1984，four synthetic approaches have 
appeared. One led to a racemic mixture of valiolamine A^(9-pentaacetate and the other 
syntheses afforded optically pure valiolamine. 
1-5-1. Stereoselective Conversion of Val ienamine and Val idamine into 
Va l io lamine^^ 
Just after the discovery of valiolamine in Hokuriku University of Japan in 
1934 29 valiolamine was synthesized from valienamine 20 or validamine 21 at the 
same U n i v e r s i t y . 3 0 The synthesis also confirmed the absolute stereochemistry of 
•8 
valiolamine especially the carba center of C-5. The work is shown in Scheme 4 and 
Scheme 5. 
The amino group of valienamine 20 was selectively reacted with benzyl 
chloroformate to give the carbamate 28. Bromolactonlization of 28 with bromine in 
methanol gave cyclic carbamate 29 which bromide group was removed by sodium 
borohydride to give 30. Removal of the carbamate functionality with barium 
hydroxide gave valiolamine 23 in 4 steps with 68% overall yield (Scheme 4). 
广 OH 广 OH 
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Reagents and conditions: i) Benzyl chloroformate, toluene, NaHCOs, 
HgO. 5-10'C, (83%); ii) Br?, MeOH, 0-5'C, (97%); iii) NaBhU, HgO. rt., 
(87%); Iv) Ba(OH)2’ HgO, 70-80'C, (97%). 
Scheme 5 shows the similar conversion which started with validamine 21. 
Selective reaction of the amine group of 21 with benzyl chloroformate gave the 
carbamate 31 and the primary hydroxyl group was selectively tosylated to give 32. 
Acetylation of the remaining hydroxyl groups gave triacetate 33 and nucleophilic 
substitution of the tosyl group with iodide furnished 34 in 91% yield. Elimination of 
iodide 34 with silver fluoride in pyridine gave the exocyclic double bond. Then 
halolactolization of carbamate 35 with bromine gave bromide 36. Deprotection of 36 
with barium hydroxide gave valiolamine in 7 steps with 33% overall yield. 
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Scheme 5 
Reagents and conditions: i) Benzyl chloroformate, water, 1,4-dioxane, 
H2O, 0。C, (86%); ii) p-Toluenesulfonyl chloride, pyridine, 0。C’ (57%); iii) 
AC2O, pyridine, rt, (98%); iv) Nal, AcgO, 120-130'C, (91%); v) AgF, pyridine, 
20-25'C, (100%); vi) Bra, MeOH, 5-10'C, (81%); vii) Ba(0H)2，HgO, 
90-1 OO'C, (93%). 
The two syntheses, however, could not be regarded as total synthesis because 
both valiolamine and valienamine have to be synthesized independently. It can be 
regarded, on the other hand, as a way to confirm the absolute configuration of 
valiolamine. 
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I-5-2. Total Synthesis of Valiolamine by Furan Diels-Alder Reaction.33 
The first total synthesis of valiolamine was reported at 1985 by Ogawa.^^ Furan 
and acrylic acid was employed as the starting materials (Scheme 6). Diels-Alder 
reaction between furan and acrylic acid in the presence of hydroquinone as the 
polymerization inhibitor gave the Diels-Alder adduct 4. rran^-Dihydroxyiation of the 
double bond in 4 with hydrogen peroxide and formic acid gave the lactone 37. 
Lithium aluminium hydride reduction of the lactone followed by acetylation gave 
triacetate 38.35 Then the 1,4-cyclic ether linkage of 38 was opened by hydrobromic 
acid in acetic acid in a sealed tube to give the dibromide 39 in 70% yield. 
Dehydrobromination of 39 occurred with silver fluoride in pyridine to give olefin 40 in 
60% yielcl.36 Epoxidation of the exocyclic double bond in 40 with mCPBA gave the 
spiro-epoxide 41. Hydrolysis of the epoxide 41 with aqueous acid followed by 
acetylation gave alcohol 42. Then the bromide group was displaced with an excess of 
sodium azide in DMF. Treatment of the azido compound 43 with Raney nickel gave an 
amino compound which was acetylated immediately. Racemic valiolamine 
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Reagents and conditions: i) Hydroquinone, rt., (75%); -ii) 95% HCOOH, 
300/oH20 2, 45°C, (760/0); iii) LAH, THF, 5°C, followed by acetylation, 
(69%); iv) 150/0 HBr in HOAc, 70°C, sealed tube, (70%); v) AgF, 
pyridine, rt., (60%); vi) mCPBA, NaHC03, CH2CI2, rt., (89%); vii) Cone. 
HS04 aqueous acetone followed by AC20, pyridine, (42%); viii) Excess 
NaN3 , DMF, 90°C, (540/0); ix) Raney nickel, AC20, EtOH, (92%) . 
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1-5-3. Synthesis of Val iolamine f rom D-Glucose 
There were two syntheses of valiolamine or its A^,0-pentaacetate from D-glucose. 
One employed the Ferrier r e a r r a n g e m e n t ! 3 4 and the other employed the aldol 
reaction.26 
1-5-3-1. Synthesis of Valiolamine by Ferr ier rearrangement^^ 
The two key steps involved in the synthesis were the Ferrier rearrangement and 
the novel rearrangement of the C=C bond accompanying the reduction of the azido 
group in 52 by lithium aluminium hydride. 
Compound 4 5 a was firstly synthesized from D - g l u c o s e . 3 7 Conversion of the 
primary hydroxyl group of 45a to iodide was achieved by mesylation followed by 
iodide substitution. Then the exocyclic double bond of 46 was established by the 
treatment of 45c with DBU in THF. Ferrier rearrangement took place when 46 was 
refluxed with mercuric chloride in aqueous acetone. Then one carbon homologation 
was carried out by treatment of ketone 47 with methylenetriphenylphosphorane in 
ether. The 1,4-addition of bromine to the exocyclic diene of 48 was done-38 and 49 
was obtained. When dibromide 49 was treated with excess sodium benzoate in DMF, 
dibenzoate 50 was obtained in 34% yield together with its C-1 epimer.39 Then the 
benzoates were removed by sodium methoxide in methanol and the primary hydroxyl 
group was selectively reacted with chlorotriphenylmethane to give the mono-tritylate 
51b. The allylic hydroxyl group of 51b was converted into azide by the modified3() 
Paulsen m e t h o d . 4 0 Then the C=C bond of 52 underwent a novel rearrangement with 
freshly opened lithium aluminium hydride to give 53a in 80% yield.^4 The amino 
group of 53a was reacted with benzyloxycarbonyl chloride, dihydroxylated with 
osmium tetraoxide to give 54a. Then 54a was protected and deprotected as shown in 
Scheme 7 to give valiolamine MO-pentaacetate in 17 steps from 45a. 
13 
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Scheme 7 
Reagents and conditions: i) MsCI, pyridine; ii) Nal; iii) DBU, THF; iv) 
HgClg, aqueous acetone, reflux; v) MsCI, pyridine; vi) Ph3(PO)=CH2’ 
ether; vii) Brg, CH2CI2； viii) NaOBzl, DMF, 90-100。C, (34%); ix) NaOMe, 
MeOH, rt., (82%); x) PhaCCI. pyridine, rt.. (87%); xi) 10% HN3，PPhg, 
d e a d , PhH’ PhMe, -10'C, (72%); xii) LAH, EtgO. reflux, (80%); xiii) 
benzyloxycarbonyl chloride, pyridine, CH2CI2, rt., (87%); xiv) OsCU, 
MegNO, pyridine, Bu^OH, (58%); xv) AcgO, pyridine, CH2CI2，rt-； xvi) 
TsOH, MeOH, CHCI3. then AcgO, pyridine, CHgClg. rt” (88%); xvii) 1 0% 
Pd/C, 0.1 M HCI, H2, rt” then AcgO. pyridine, rt., (71%). 
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I -5-3-2. Synthesis of val iolamine by Aldol R e a c t i o n ^ ^ 
The synthesis was developed by Fukase and Horii in 1992.26 The synthesis 
involved the synthesis of the key intermediate 60 from which valiolamine and N-
substituted valiolamine can be s y n t h e s i z e d . ^ ^ 
They started with 2，3’4，6-tetra-0-benzyl-D-glucono-l，5-lactone 55 which is 
readily available from D-glucose. When 55 was treated with bis-(methylthio) methyl 
carbanion, the single tautomer 56 was obtained. Reduction of lactol 56 with lithium 
aluminium hydride in THF gave diol 57 in 82% yield. Swem oxidation of diol 57 
gave the dione 58. Dione 58 could undergo aldol reaction by the treatment of 
sodium acetate and 18-crown-6 to form 59. The gem-dithiomethyl groups of 59 was 
removed by Raney nickel in dioxane. Then ketone 60 obtained was converted into 
oxime by the treatment of hydroxylamine hydrochloride in methanol. The oxime 61 
was reduced to amino compound by Raney nickel and hydrogen. At this stage, some 
C-1 epimer was obtained and debenzylation of the mixture by palladium black in formic 
acid gave the mixture of valiolamine and its C-1 epimer in ratio of 16:1 which was 
separated by ion-exchange chromatography. 
Enantiopure valiolamine was thus synthesized in 14% overall yield by a 7-step 
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Reagents and conditions: i) BuLi in hexane, (MeS)2CH2, THF, -20·C, 
(82%); ii) LAH, THF, O·C, (82%); iii) TFAA, Et3N, DMSO, CH2CI2, -70C; iv) 
NaOAc, 18-crown-6, toluene, rt., (82% from 57); v) Raney-Ni, dioxane, rt., 
(43%); vi) NH20H·HCI, NaOAc, MeOH, rt., (94%); vii) Raney-Ni, H2, 
MeOH, then 90% HCOOHlMeOH, Pd black, rt., (64%). 
16 
I I Results and discussions 
I I - l . General strategy 
This section describes the synthesis of valiolamine 23 and its diastereoisomers 
25，26，27 from (-)-quinic acid. Examination of the structures of the four targets in 
Scheme 9 shows that the chirality from C-3 to C-5 of all the target molecules are the 
HO 絡 H H O p ^ o H H O p ^ o H H O ^ ^ Q H 
H2N��,Y"0H H2N��*V"0H 
OH OH 6H OH 




62 \ — / 63 
HQ COOH 




same. Hence, the synthetic route was divided into two parts: i) to establish the chirality 
from C-3 to C-5 first; i i) to established the chirality of C-1 and C-2 as well as the 
introduction of a nitrogen functionality to C-1 (Figure 5). Hence, a key intermediate 
62’ which bears the desired chirality from C-3 to C-5, was first synthesized from 63. 
Alkene 63 is a known compound that could be obtained by a five-step conversion from 
(-)-quinic acid. 18 
17 
i) inversion i) reduction 
HO^COOH j) introduce an OH group 
1 3 
ii) introduce a nitrogen with 一 ^ £ OH 
inversion or retention of OH i) inversion 
configuration 
ii) inversion or retention 
Fig. 5 
For compounds 25 and 26，since they are l，2-mms-hydroxyamines，they may be 
synthesized by azide opening the corresponding cyclic sulfates (Scheme 10) that are 
readily available from the (15',2S)-diol 66 and (17?,2i?)-diol 62 respectively. The 
azide group introduced can be converted into the amino group by hydrogenation. Diol 
66 may be obtained from 62 by Corey-Winter cieoxygenation4l followed by steric-
controUed cw-dihydroxylation. 
18 
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Scheme 10 
Compounds 23 and 27 are m-l,2-hydroxyamine. The most straightforward 
strategy for their fabrication is to carry out the h y d r o x y a m i n a t i o n 4 2 , 4 3 to olefin 69 by 
chloroamine-T (Scheme 11) and the resulting A^-tosyl group of the product could be 
removed by dissolving metal r e d u c t i o n ^ ^ or by reaction with sodium bis-(2-
methoxyethyl) aluminium hyciride.45 
The synthesis of 25 and 27 wil l be discussed firstly and that of 23 and 26 will 
be discussed secondly. 
19 
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I I -2 . Synthesis of ( l /?,2/?).diol (62) 
The synthesis of 63 from (-)-quinic acid was known and followed the procedure 
developed by Tang.18 (-)-Quinic acid had initially been converted into 72 by Gero's 
procedure.46 Later, a simpler method developed by S t o o d l e y 4 7 was employed. In this 
method, (-)-quinic acid was boiled in cyclohexanone with a catalytic amount of H3PO4 
(Scheme 12). Azeotropic removal of water gave 72 as white needles. The next step 
HO COOH not P HQ cOOMe 
^X^^ cycbhexanone, NaOMe, MeOH. ^ ^ 
m h v - L ^ O H H3PO4 (cat.)，reflux . L ^ O ' c T ^ ^ ^ 0、、*^^0H 
HO 占H OH (74%) & 5 
(-)-Quinic acid ^ ^ 
72 73 
Scheme 12 
was the opening of the lactone ring in 72 with sodium methoxide in methanol. Since 
20 
the reaction is an equilibrium process，more than 30% of 72 was recovered and the 
yield was not satisfactory. However, a slightly modified method developed by Tangos 
could improve the yield from 36% to 71% with less than 5% recovery of 72. The 
typical procedure is described here: The lactone 72 was added to a solution of 
methanolic sodium methoxide at 0。C and the mixture was stirred for 2 hours. The pH 
value of the mixture was adjusted by glacial acetic acid. The resultant mixture was 
diluted wi th dichloromethane and the organic phase was washed with brine, dried, 
filtered and concentrated. Purification by flash column chromatography gave the diol 
73 in 71% yield. 
Oxidation of the alcohol 73 by four equivalents of PCC in the presence of 
pyridine gave 74 (Scheme 13). Since the reaction was done in relatively basic 
condit ions，el iminat ion of the tertiary alcohol took place and gave the 
thermodynamically stable enone. This protocol was much more convenient than the old 
method used previously. In that method, 73 was oxidized by the standard Swern 
o x i d a t i o n 4 9 and was followed by the elimination of the tertiary hydroxyl group with 
phosphorus oxychloride in pyridine (Scheme 13). 
H ^ C O a M e pcc. pyridine, ^ ^ M e 
4A molecular sieve, r " " ' ^ 
0、、,^ Vx<^OH CH2CI2, room temp., 0、、*^^^0 
(79%) 
73 74 
H Q NOGME 
^ 




DIBAL-H reduction of the enone 74 in toluene (Scheme 14) furnished 76 
21 
diastereoselectively. Due to the presence of the bulky cyclohexylidene ring at the a-
face of 74, the reducing agent is much more favoured to attack the ketone group from 
the p-face exclusively. Even DIBAL-H is a rather expensive reagent, it was found to 
COgMe f^OH OBn 
T 7 r 
^ ^ DIBAL-H. -40'C. 1)NaH.THF 广 
0、、,k^0 toluene, (90%) o、、，^V^力OH 2) Bu^NI. "o、、.^^'"OBn 
(90%) ~ 
74 76 63 
Scheme 14 
be the most suitable reagent for this system because other common reducing agents 
such as lithium aluminium hydride or lithium borohydride reduced all the carbonyl 
groups as well as the double bond. 
The next step was the protection of diol in 76. Silyl protection group had been 
considered but silyl migration under basic conditions had been reported. 19 Then a 
more stable protecting group, the benzyl group, was chosen. The advantage of benzyl 
protecting group is that it is not prone to migration and can be removed readily by 
hydrogenolysis; therefore, 76 was reacted with benzyl bromide and sodium hydride 
with a catalytic amount of tetrabutylammonium iodide in THF. 
cw-Dihydroxylation of the double bond in 63 with osmium tetraoxide by the 
catalytic m e t h o d 5 0 gave 77 diastereoseleclively (Scheme 15). Due to the 0-benzyl 
OBn 
OSO4, H2O, BnO—^^HoH 
MegNO. Pyridine. ^ 




group at the a-face of 63，the osmium reagent is more favoured to add to the double 
bond from the p-face. The ^H NMR coupling constants of 77 are shown below. The 
coupling constant between H3 and H4 is 9.5 Hz and supports the assignment that the 
hydroxyl groups were added to the double bond ami to the 0-benzyl group. 
OH H3 
B O OH 
“ / ^ J ^ H, 6.3 Hz 丨 I ？ II M i j Z u / ^ H ^ / ^ O S n H7eq Hi H2 H3 
14,0 Hz A 9.5 Hz 
O H7ax H4 
H y a x ^ O 
O 77 
Fig. 6 
The diols in compound 77 were then protected as acetates. However, the tertiary 
hydroxyl group was very inert towards acetylation attributable to steric reasons. 
AcgO, pyridine 




Acetylation of the tertiary alcohol in 77 wilh acetic anhydride, triethylamine or pyridine 
and a catalytic amount of DMAP in methylene chloride at room temperature was 
unsuccessful (Scheme 16). Refluxing the reaction mixture with triethylamine for a long 
time was also not effective. However, i f triethylamine solution of 77 was refluxed 
23 
with an excess of acetic anhydride and 0.5 equivalent of DMAP, the reaction was 
complete within three hours and gave 79 as a colourless syrup (Scheme 17). 
B n O - X ^ BnO—乂OAc BnO〜OAc 
( J Ac,0. DMAP. i ^ ^ O A c 丁厂八’ “？。， ^ X ^ O A c = reflux, ‘ c^�,V"oBn (90o/：) 
(9GZ。） 6H 
77 79 62 
Scheme 17 
The key synthetic intermediate 62 was then obtained by removal of the 
cyclohexylidene ring in 79 with aqueous trifluoroacetic acid in dichloromethane. 
Starting from (-)-quinic acid, eight steps were required to assemble 62 with 28.7% 
overall yield. 
I I -3 . Synthesis and Reactivity of Olef in 69 
Alkene 69 could be synthesized from 62 by the Corey-Winter reaction^l in 64% 
overall yield (Scheme 18). cw-Dihydroxylation of 10-2 M solution of 69 intert-
B n 。 冷 c 口 \ > B n O 斤 c B n 。 斤 c 
HO、、.U'"OBn toluene. 0、、,V^OBn refluM74%) ^ ' ' / Q B n 




butanol with osmium tetraoxide (catalysis)50 resulted in 2 0 % yield of 66，10% of 62 
and 60% of starting material (Scheme 19). 
BnO力父OAg OSO4. H2O. pyridine. BnO^^yOAc 
[ ^ O A c Me3N0, ButQH’ 我 ^ O A o 
69 OH 
66:62 = 2:1 
20% Scheme 19 
The stereochemistry of 66 was supported by the ^H NMR coupling constants 
data shown below (Figure 7). 
OAc H3 
OAc 
/ ^ 、 H 5.4 Hz 3.2 Hz ,, 9.2 Hz ^ H ^ e q — — H , — H 2 — — H 3 
H y e q ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i ^ ^ O H 16.0 Hz 9 9 Hz 
Hi Hyax H4 
Hyax H2 66 
Fig. 7 
The reaction was repeated in a more concentrated solution (10.1 M). However, 
B n O Z J j ^ ^ A c OSO4. H2O. pyridine. 
I M e 讽 ButOH，10-iM，「 f J + 6 2 
reflux 
e« OAc 
抑 81 81:62 = 2:1 
20% 
Scheme 20 
the rearranged product 81 (20% yield), 62 (10% yield) and the starting material (60%) 
25 
1 
were obtained (Scheme 20). The mechanism of the rearrangement process is proposed 
in Scheme 21 below: 
一 O^ 、 
0 ) z H 广 : B • 矛 Me ^ e 。 。 辟 
B n 。 论 f f - — - 避 一 - 遍 
66 ) 
+ B : 夕 
⑵ 飞 j M e OH 
一 HO ^ „ ^ OHoAc 
81 
Scheme 21 
Since the tertiary acetate is located at the axial position, it tends to migrate to the 
relatively more stable secondary axial hydroxyl group and then to the most stable 
equatorial hydroxyl group. No corresponding migration was observed for diol 62 
because the two hydroxyl groups are trans to the tertiary acetate. 
The inertness of 69 may be due to its formation of the very stable osmate ester 
with osmium tetraoxide. In fact, formation of very stable osmate ester of some olefin 
with osmium tetraoxide was reported and catalytic process is not feasible in such 
s i t u a t i o n . 5 1， 5 2 Addition of methanesulfonamide described by Sharpless can increase 
the rate of hydrolysis of osmate ester53 but such reagent showed no improvement to 
our system at 25。C，60。C or at reflux. Besides, the diastereoselectivity of the reaction 
was also poor. Attempts to use potassium femcyanide (K3Fe(CN)6) as the oxidant to 
replace trimethylamine TV-oxide as described by Shaipless-^4,52 in order to improve the 
selectivity gained no advantage. 
On the other hand，c/'v-hydroxyamination of 69 with osmium tetraoxide and 
chloroamine-T in r州-butanol described by S h a i p l e s s 4 2 was not effective. The reaction 
26 
was repeated under phase transfer c o n d i t i o n s 42 but only little cw-dihydroxylated 
products were obtained. No hydroxyaminated products were isolated (Scheme 22). 
\ T OSO4, chloroamine-T SHpO, 
、 D t 丄 . ‘ ^ No reaction 
^ ^ • " O B n ButoH, heat 
69 
69 OSO4, chbroamine-T.3H20. • 52 + 66 + 69 
卯 BnEtgNCI, CH2CI2. H2O. heat 
Scheme 22 
11-4. Synthesis of ( l /? ,25) and (l/?,2/?)-diastereoisomers 25 and 27 
In order to synthesize 25，the (15,25>diol 66 is the key percusor from which 
cyclic sulfate 65 can be derived. As discussed above, the yield of the synthesis of 66 
from 69 was not acceptable from the synthetic view point. A fruitless alternative had 
been attempted to get 66 by Mitsunobo inversion of the two hydroxyl groups in 62 
with trifluoroacetic acid in the presence of sodium b e n z o a t e . 5 5 However, an accidental 
discovery of a new dihydroxylation method greatly improved the yield, the 
diastereoselectivity, reaction time and the work-up procedure. 
The new dihydroxylation reagent was ruthenium tetraoxide. We used 0.1 
equivalent of RuCls.HzO，1.7 equivalents of NaI04 as oxidant, CCI4-CH3CN and 
water as solvents. The reaction was complete within minutes at 0"C (Scheme 23). The 
yield was greatly improved from 20% 10 80% and no diastereoisomer, rearrangement 
product or starting material was isolable. 
27 
f ^ O A c RUCI3.H2O, Nal04, CCU. 々 O A c 




Then diol 66 was converted into 1,2-cyclic sulfate according to the protocol 
described by Sharpless (Scheme 24).56 xhe cyclic sulfate 65 obtained was opened 
卜 C S ' c h S ； 
T SOCIg, Et3N’ • r J HgO. O'C, _ r T 
CH2CI2.0-C (74%’ from 
OH 广 O 66) 0”6、0 
66 L 。 」 。 
82 65 
Scheme 24 
stereoselectively by lithium azide in DMF. Acid hydrolysis of the organic sulfate 83 
gave the azide 64 (Scheme 25). Deacetylation of 64 by basic methanol afforded triol 
84. 
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BnO 乂 OH 
N3、、、'Y’"0Bn 
OH 
Scheme 25 84 
The regio-chemistry for the ring opening of 65 at C -1 was confirmed by ^H 
N M R data shown below (Figure 8). 
OAc H3 OH2 
OAc 2.4 Hz 
/ . ^ t L u 4.4 Hz 9.3 Hz,, 
H T - f - ^ ^ ^ O B n H 7 e q ~ H2 H3 
14.7 Hz HZ 9.9 
Na 54 H7ax H4 
Hyax H2 
Fig. 8 
I f the azide ion opened the ring at C-2 position, the dihedral angle between H j 
and H2 would be about 60。(Scheme 26) and the coupling constant between them 
would be ca3-5 Hz. Furthermore, the conformation of the molecule might change 
29 
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from the chair form to the twisted boat form (wil l be discussed more detail in Section 
n-5). Then the coupling constant between H3 and H4 might be 5-6 Hz. 
On the other hand, i f we started with the rearranged product 81 (obtained from 
the hydroxylation of 69) and followed the same reaction sequence for the preparation 
of 84，the same product 64 was obtained. 
The diol moiety in 81 was in a 1,3-diaxial relationship (Scheme 27)，Hence, the 
13-cyc l ic sulfate 85 could be obtained via the standard oxidation method. 
Nucleophilic ring opening of 85 with azide ion and followed by deacetylation afforded 
the identical hydroxy azide 84. 
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Hydro gen olysis of 84 by hydrogen with 10% Pd(0H)2 on charcoal gave target 
molecule 25 in 85% yield (Scheme 28). Starting from (-)-quinic acid, thirteen steps 
were required to assemble 25 with 9.0% overall yield. Compound 25 was acetylated 
to obtain the corresponding MO-pentaacetate for characterization. 
HO 兄 O H 




A l l the physical data for our synthetic compound 25 are the same as those 
reported by Fukase ( [ o c P d -27.9", lit. [ o c P d -23.2").26 
Since compound 27 is a 2-epimer of compound 25，it can be obtained by 
inverting the OH-2 in 64 by reacting the hydroxyl group with trifluoromethanesulfonic 
31 
anhydride followed by nucleophilic substitution with tetrabutylammonium acetate in 
THF. Deacetylation of 88 followed by hydrogenolysis, afforded the amine 27 
(Scheme 29). 
BnO-^PAc B n O ^ A c 
r j 丁f20’Py—, 1 ^ 0 B u n 風 ( X ^ O A c 
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The overall yield of 27 from (-)-quinic acid is 2.5% in 17 steps. 
II-5. Synthesis of (15,27? )-diastereoisomer 26 and Val io lamine 
Compound 26 was synthesized from the 62. The diol 62 was 
converted into a relative unstable cyclic sulfate 68 by the Sharpless m e t h o d . 5 6 As in 
the synthesis of 25，azide ion was employed to introduce a nitrogen functionality to C-
1. A mixture of compounds 90 and 67 was obtained with the former, the regioisomer, 
as the major product (Scheme 30). 
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BnOZ"^ PAc BnO-^. PAc 2) 20% H^SO,. 
J ^ O A c X ^ O A c THF, (73%) 
OH N3 
67 90 
67:90 = 1:10 
Scheme 30 
Acetylation of 90 with acetic anhydride and triethylamine in dichloromethane 
gave 92 (Scheme 31). The ^H NMR spectrum of 92 reveals a ddd signal at 6 4.86 
(Figure 9). This confirms that the hydroxyl group is located at the C-1 equatorial 
position. 
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Deacetylation of 90 followed by hydrogenolysis then gave the regioisomer 94 
(Scheme 32). 
B n O - ^ O A c BnO -^ ,PH H O - ^ OH 
I ^ O A c K2CO3, ^ Q H pd(0H)2, ^ O H 
N3 N3 ^ NH2 
90 93 9 4 
Scheme 32 
Then another approach was investigated in order to obtain 26 in good overall 
yield. Examination of the conformation of 62 shows that the OH-1 is at the equatorial 
position while the other is at the axial position. The equatorial hydroxyl group is more 
reactive than that at the axial position due to steric effect. Hence, selective triflylation of 
OH-1 by 1 equivalent of triflic anhydride in pyridine gave the monotriflate 91 in 90% 
yield. When 91 was subjected to azide displacement in DMF, 67 was obtained in fair 
OAc OAc 
B n O ^ ^ L ^ P ^ TfgO (1 eg.), pyridine. B n O ^ J . ^ ^ ^ 
OBn CH2CI2.0-C. (90%) 
H O ] ™ 7o 
62 91 
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^ X . ^ ^ X ^ O A c i5-crown-5. DMF 






yield (60%) (Scheme 33). The ^H NMR spectrum of 67 was identical to that of the 
minor product from the azide opening of 68. 
Another product isolated together with 67 was the enone 95 (Scheme 33) which 
was unstable product and could not be obtained purely. The mechanism of its 
formation was proposed in Scheme 34. 
… ？ p A c Acq hOAc BnO〜OAc 
T ^ r t ： 一 B n O 辦 ~ ^ V " O B n 
^ OTf OH 
91 
BnO 父 A c B n O - J ^ ^ A , 
》 B ； V t ： 
95 
Scheme 34 
I f 91 was first acetylated to 96 and then followed by azide attack, 97 was 
obtained and the reaction yield was improved from 60% to 80% (Scheme 35). The 
reason for the improvement may be due to the presence of the vicinal electron 
withdrawing acetate which could disfavour the elimination process. 
X ^ O A c ^. .X^OAc 
Ac?0, EtgN, 1 T _ 3 , benzo 15- _ [ 




The I H NMR coupling constants of 67 and 97 are quite different from their 
35 
percusors or epimers. Normally’ the coupling constant between H3 and H4 is 9-10 Hz. 
However，the coupling constant between H3 and H4 of 67 or 97 is only 6-7 Hz and all 
the peaks are broad. It is speculated that they are not adopt the chair conformation and 
may adopt a twisted boat form (Figure 10). 
？As A N3 OAc 
RO 〇Bn 
98a 98b 
R=H or Ac 
> Fig. 10 
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The conformer 98a experienced steric strain because of the l，3-diaxial 
interactions of azide group with the tertiary acetate as well as the axial -OR group with 
36 
the C-7,4 protons. Flipping the conformation from 98a to 98b would release the 
strain within the molecule. 
Deprotection of 67 or 97 by basic methanol followed by hydrogenolysis 
furnished 26 (Scheme 36). Compound 26 was acetylated to obtain the corresponding 
N, 0-pentaacetate for characterization. 
BnO一、,OAc BnO、PH HO'、PH 
r ^ K2CO3. & 0 H H,. Pd(OH),. ( X ^ O H 
N a ^ ' - O B n MeOH, (72%) N ^ M 、 B n EtOH’（80%) 
OR OH OH 
Rr=H 67 99 26 
R s A c 97 
Scheme 36 
For the synthesis of valiolamine, cyclic sulfate 68 was employed. Previous 
experience with the chemistry of 68 predicted that the nng opening of the cyclic sulfate 
moiety would occur at C-2 preponderantly. Tetrabutylammonium acetate was used to 
invert the chirality at C-2. Acid hydrolysis of the organic sulfate (not shown here) gave 
100 in 85% yield (Scheme 37). In order to introduce a nitrogen functionality to C-1, 
1) BU"4NOAC. THF 
0、、*K^'"OBN 2) 20% H2SO4. THF. (85%)HO、、*^ "J '^"OBN 




sulfonate ester was introduced to this site as a good leaving group. Triflate was 
attempted first. When a solution of 100 in dichloromethane was added pyridine and 
37 
tr if l ic anhydride，no desired product was obtained. Instead, a rearrangement product 
102 was obtained (Scheme 38). I t was believed that intramolecular substitution by the 
• _ 
B n O - y O A c BnO — 、 严 B n O - ^ O H 
/ ^ O A c 职 X ^ O A c 
HO、、*V^、OBn 二丄?e’ T fO^^^ - ' ^OBn 
OAc CH2Cl2 占 Ac OAc 
100 101 102 
Scheme 38 
tertiary acetate took place. Making the less powerful mesylate was successful and the 
desired product 103 was produced. However, when a DMF solution of 103 was 
， heated to 10()°C with tetrabutyl-ammonium azide, the only product isolated was also the 
rearranged one (102) (Scheme 39). 
B n O - ^ P A c B n O z y A e BU^NNS. 
r ^ MsCI’ ^ ^ ^ 。 A C DMF， ^ 
HO、、 'y 力oBn _ n e , ‘ msO、、、V '^ZQBn 霞 ， ^ AoO^^^OBn 
SAC (80%) OAc (80%) OAc 
100 103 102 
Scheme 39 
Scheme 40 below shows the conformation of 103 or 101. As illustrated by the 
diagram, the tertiary acetate is very closed to the sulfonate leaving group and 
intramolecular rearrangement is greatly facililaLed. However，its 2-epimer，96，did not 
undergo the same rearrangement process. Since the only difference in the two 
molecules is the chirality of the C-2 acelaie, the acetate might be the factor affecting 
their behavior. 
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Scheme 40 I04b 
I f 96 could undergo rearrangement as that in 100 or 103，the product would be 
104 (Scheme 40). Since there would be three axial substituents in conformer 104a, it 
would change its conformation (as occurred in 67 or 97 described above) to 104b. 
However, there is still a strain inside the molecule and hence rearrangement does not 
release the internal strain to a large extend or even increase the internal strain. I f the 
rearrangement process took place at 103 or 101, removal of the tertiary acetate could 
release the intramolecular strain and hence be a thermodynamic favoured process. 
On the other hand，since the C-2 acetate of 101 or 103 is trans to the C-1 
sulfonate，neighboring group participation may participate in facilitating the 
rearrangement process. The mechanism is proposed in Scheme 41. 
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Scheme 41 
The driving force for the reaction is, hence, believed to be the release of the steric 
compression energy. The tertiary acetate is rather unstable and it tends to release the 
strain by migrating to a less hindered position. 
The nitrogen functionality was introduced to C-1 instead of inverting the oxygen 
functionality of C-2 first. Hence, 67 was employed (Scheme 42). Chirality of C-2 of 
BnO 〜 O A ^ Tf^O. B n O — 乂 O A g B n O — 父 j ^ A c 
pyridine. ^ ^ ^ ^ ^ Bu^NOAc, 
N 3 々 " O B n 丁HF’ ( _ , 3 〜 、 O B n 
5H ( ) OTf OAc 
67 105 106 
Scheme 42 
67 was inverted by t r i f ly lat ion fol lowed by acetate displacement with 
tetrabutylammonium acetate. Deacetylation of 106 by basic methanol followed by 
hydrogenation gave valiolamine as a while amorphous solid (Scheme 43). A l l the 
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Scheme 43 
physical data of 23 from this synthesis are of good agreement with those reported by 
Kamecia29 +14.5% lit.29 +18.8。）except for the ^H NMR data. The 
N M R peaks heavily overlapped within 3.4-3.9 ppm region; therefore, compound 23 
was acetylated by acetic anhydrous in pyridine with catalytic amount of DMAP. Al l the 
physical data of the A^,0-pentaacetate (mp = 137-138", lit.29 二 137-138"; [aJ^Oj^ 
-17.8"，lit.29 [a]25D -14.8") include the ^H NMR data are in good agreement with 
those reported by K a m e c i a .29 
I I -6 . Comment on the Regio Chemistry of Nucleophil ic At tack of 68，65 
and 85 
Epoxides have been playing an important role in organic synthesis because they 
simultaneously activate and protect adjacent functionalized carbon atoms for 
nucleophilic attack. Cyclic sulfates，in the synthetic view-point, are more or less the 
same as epoxides. They can also be opened by nucleophiles and give vicinal alcohol 
after acid hydrolysis. I f the epoxide or cyclic sulfate is located inside the six member 
ring, the regioselectivity of ring opening of them are different. For epoxides, 
nucleophilic attack leading to a diaxial product is much more f a v o u r e c l ; 5 7 but for cyclic 
sulfates, there are two major factors govern the regioselectivity, namely electronic 
factor and steric factor. 
For the ring opening of 65，nucleophilic attack at C-2 would induce dipoles 
which are aligned with two already existing dipoles at the vicinal carbon atoms (i.e. C-1 
4 1 
and C-3). The transition state energy is correspondingly increased.58 Besides, the 
1,3-diaxial interaction between the H-4 and the nucleophile also deters the process. 
However, i f the nucleophilic attack takes place at C-1，the induced dipole is only 
aligned with one existing vicinal dipole and there is no 1,3-diaxial interaction; therefore, 
only 64 is obtained (Figure 12). 
• v 。 
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For 68，the nucleophilic attack was also favoured at C-1 due to the 
stereoelectronic factor as described above. However，due to the presence of the bulky 
acetate group at C-5, the 1,3-diaxial interaction is dominant over the electronic effect 
and the process takes place at C-2 preferentially. Hence the reaction gave mainly 90 
and only little 67 (Figure 13). 
42 
OAc a ^ 90 
0 ( I \ b 
O 68 \ 67 
C-4 acetate was omitted 
Fig. 13 
For the 1,3-cyclic sulfate 85，both the electronic and steric effects favoured the 
nucleophilic attack at C-1 and no regioisomer was isolated (Figure 14). 
O 
> 0 
fO / y 
B n O 心 — O f 念 
Nu- 乂 85 
Fig. 14 
I I -7 . Results of Biological Test 
All target compounds were screened against the commercial available glycosidase 
listed below with t h e method described i n t h e literature.59，29 
a-Glucosidase (Yeast) 
P-Glucosidase (Almonds) 
a-Mannosidase (Jack beans) 




The preliminary results was summarized below: 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g-glucosidase p-glucosidase a-mannosidase P-mannosidase x-galactosidase p-galactosidase 
25 V t 十 
94 
2 6 V ； t 
2 7 t 
23 I V I t I t 
V = strong inhibition 
t 二 weak inhibition 
Table 1: Preliminary results of biological assays of target compounds 
A l l targets show weak inhibition towards P-galactosidase. The phenomenon may 
be due to the enzyme structure. The active site of the enzyme may be quite flexible so 
that the inhibition is non-specific。From the result，compounds 25 and 23 both show 
activity toward a-glucosidase. Compound 26 was expected to be an a-mannosidase 
inhibitor but 27 does not show activity towards P-mannosidase. This may be due to 
the source of the enzyme. Normally, the common source of P-mannosidase are from 
the Aspergillus wentii^ or from the isoenzyme A and B of the goat l ivei^l. However, 
the only commercially available source is the snail acetone powder. The 2-amino 
analogue of 25，94，did not show activity towards the tested enzyme even though its 
stereochemistry is the same as 25. Hence, the 1-amino group is essential for the 
activity. . 
The table below lists the IC50 values of the active target compounds: 
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Compounds IC50 (mmol c i iH) 
25 (p-glucosidase) 5.00 x 1(H 
26 (a-mannosidase) 1.95 x 10-3 
23 (a-glucosidase) 4.50 x 1 0 -4 
Table 2 IC50 of three most potency targets compounds 
Dialysis showed that all the inhibitors are reversible type 62 Kinetic study 
(Lineweaver-Burk plot) of these compounds revealed that they are competitive 
i n h i b i t o r s . 5 9 ， 2 9 i t was surprised that compound 25, which is the 1-epimer of 23，is a 
a-glucosidase but not an expected p-glucosidase. It suggests that the chirality of the C-
1 amino group does not affect the a-glucosidase inhibition. However, the C-2 amino 
cyclitol, 94，does not show any inhibition towards gliicosidase. That is the C-1 amino 
group is essential for the activity. As pointed out by Katsuhiko63，32，the A^-substituted 
valiolamine is more potent than the parent valiolamine. The enzyme recognization site 
may, hence，be very large and with good airmity towards nitrogen. 
The fact that valiolamine is a more potent inhibitor than validamine as well as the 
C-5 epimer of valiolamine isolated from fermentation broth of S.hygroscopicus shows 
only 1/1000 the activity of valiolamine'^ indicate that the presence and the configuration 
of the OH-5 may play an important role in potency. 
However, the IC50 value of target compounds does not show as low as |ig m H 
level. The reason is that they adopt a flexible chair conformation rather than a half chair 
c o n f o r n i a t i o n 6 5 a because the enzymatic process involves the formation of the 
oxocarbonium ion^^b which adopts a half chair conformation. Inhibitors with such 
conformation may greatly facilitate the active site recognization. A l l target compounds 
possess an a - O H at C -4 are inactive towards galactosiclases. 
As a conclusion’ the C-1 amino group and the OH-5 are essential for the high 
potency. The OH-2 and OH-4 are responsible for the enzyme recognization. Activity 
of "—substituted derivatives of 2 are worth to be studied. The 1,7-aziridine analogue 
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of valiolamine should be studied because they may adopt the half chair conformation 
which may facilitate the enzymatic recognization. 
I I I . Conc lus ion 
The present approach to valiolamine 23 starting from the commercial available ( -
)-quinic acid is flexible. Other 1,2-diastereoisomers, 25，26, 27’ and the 2-amino 
analogue, 94’ could also be synthesized. A known intermediate, 63，was synthesized 
followed the method developed by Tang.^^ The key synthetic intermediate 62 was 
obtained by a 3-step transformation. The diol 62 was readily converted to 68 in 86% 
yield. 
Cyclit iols 23，25，26 and 27 were synthesized from (-)-quinic acid in 14，13， 
15 and 17 steps respectively. Their overall yields were 8.4，9.0, 4.3 and 2.5% 
respectively (Scheme 45). 
Biological evaluation of 23-27 as well as 94 as glycosidase inhibitor was done 
and it was found that the orientation of C-1 amino group in valiolamine does not affect 
the glucosidase inhibition. However, the C-1 amino group is essential for the high 
activity. The C-2 diastereoisomers of valiolamine does not show strong activity toward 
mannosidases. Since there were reports that some A^-substituted valiolamine shows 
much more strong activity than the parent v a l i o ] a r n i n e 6 3 ， a series of A^-substituted 
derivatives of 25，26 or even 27 are worlhy to be synthesized in order to discover 
potent glucosidases or mannosidase inhibitors. Several aziridine analogues are also 
worthy to be studied because they may adopt the half chair conformation and may be 
more potent inhibitors. 
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I V . Exper imenta l 
Melting points were determined with the Reichert apparatus and are reported in 
degrees Centigrade uncorrected. Unless stated otherwise, all ^H NMR were measured 
in dilute deuteriated chloroform solution on a Brucker WM25() spectrometer at 250 
M H z or on a Jeol PMX270 FTsi spectrometer at 270 MHz. A l l chemical shifts were 
recorded in ppm on the 5 scale downfield from TMS and measured directly from the 
spectra. Tetramethylsilane (TMS) was used as the internal standard for organic 
solution and the residue peak of deuterium oxide (HOD) at 5 4.8 was employed as the 
internal standard for aqueous solution. Spin-spin coupling constants are indicated by 
the symbol J which are reported in Hz and were measured directly from the spectra. 
13c NMR spectra were measured in deuterium oxide solutions on the Bmcker WM250 
spectrometer at 62.9 MHz under the board band decoupling signal with proton 
frequency. A l l chemical shifts were recorded in ppm and was measured directly from 
the spectra. Dioxane (5 67.4) was added as the internal standard. IR spectra were 
recorded on a Nicolet 205 FT-IR spectrometer or Nicolet 20XC FT-IR spectrometer. 
The spectra were measured as thin films on potassium bromide discs. A l l peaks given 
are in cm-1. Electron impact (EI) mass spectra was recorded on VG7070F mass 
spectrometer by 70 eV electron ionization. Chemical ionization (CI) mass spectra were 
carried out at the Shanghai Institute of Organic Chemistry, The Chinese Academy of 
Sciences，China. A l l optical rotation data were measured with the JASCO，DIP-300 
automatic digital polarimeter, operating at sodium D line and at temperature t; [a]D 
values are given in lO"! deg cm^ g-1. Carbon, hydrogen, nitrogen and sulphur 
elemental analyses were carried out at either the Shanghai Institute of Organic 
Chemistry, The Chinese Academy of Sciences, China or the MED AC Ltd.，Department 
of Chemistry，Brunei University, Uxbridge. Al l reactions and column chromatography 
were monitored by thin layer chromatography (TLC) on aluminium precoated with 
silica gel 60F254 (E. Merck) and compounds were visualized with a spray of 5% w/v 
d o d e c a m o l y b d o p h o s p h o r i c acid i n ethanol b y subsequent heating. Flash column 
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chromatography was carried out by wet column using silica gel (230-400 mesh, E. 
Merck) as the stationary phase and eluted with solvent specified. Ion exchange 
chromatography was carried out with Ambeiiite CG-5() (NH4+) resin as the stationary 
phase. Amberlite CG-50 (NH4+) resin was prepared by treatment of Amberlite CG-
50 (H+) (200-400 mesh, chromatographic grade, Malliackrodt) with concentrated 
aqueous ammonia solution followed by washing with deionized water until pH = 7 as 
shown by the pH paper. Small resin particles was eliminated by shaking the resin with 
water, waiting for sedimentation of large resin particles followed by decanting of the 
superfacial suspension. After loading sample, the column was washed with water and 
eluted with IN aqueous ammonia solution. Eluted fractions were monitored by TLC. 
A l l solvents used were reagent grade. Pyridine was distilled over barium oxide and 
stored in the presence of potassium hydroxide pellets. THF was distilled over sodium 
metal by using of benzophenone as an indicator. Dichloromethane was distilled over 
o o 
phosphorous pentoxide and stored over 4A molecular sieves. DMF was dried over 4A 
molecular sieves overnight and then distilled under reduced pressure. Distilled DMF 
was stored over 4入 molecular sieves. Trimethyl phosphite was dried with sodium 
metal followed by distillation. Hexane used in column chromatography was technical 
grade and was dried over anhydrous calcium chloride followed by simple distillation. 
Other solvents were used directly without purification. 
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(1S,2S,31J ,4S,55)-l-Ainino-5-hydroxylmethyl-cyclohexane-2,3,4,5-
te t rao l 23. To a solution of 107 (18 mg, 0.045 mmol) in EtOH (5 mL) was added 
20% Pd(0H)2 on charcoal (10 mg) and H2 was bubbled through the mixture under 
stirring unti l no U V active species was shown by TLC. The solution was filtered 
through a pad of Celite and the filtrate concentrated. Flash column chromatography the 
residue gave the crude product (CHCI3-MeOH-NH3(aq) 9:8:3). The crude product 
was further purif ied by Amberlite CG-50 (NH4+) to afford 23 (7 mg, 80%) as a 
white amorphous solid: TLC RfO. 14 (CHCI3-MeOH- 1^3(叫)9:8:3); [a]22j^ +15.4。 
(c 2.21’ H2O) {lit.,29 [ a p D +18.8° (c 1.0，H2O)}; IR (neat) 3342 cm-1; i R N M R 
(250 MHz, D2O) 5 1.90 ( IH , dd, 7 = 3.9, 15.9 Hz, Hax-7), 2.11 ( IH , dd, 7 = 2 . 4 , 
15.9 Hz, Heq-7), 3.4-3.9 (6H，m); 13C NMR (D2O, 62.9 MHz, dioxane at 67.8 
ppm) 5 33.34, 51.57，66.74，72.42, 74.30，74.93，77.06 { l i t 29, 8 35.0, 52.9, 68.2, 
73.8, 76.3, 76.4，78.7}; MS m/z (CI) 194 (M++1，100). 
(1R’2S，3R , 4 5 , 5 5 ) - l - A n i i n o - 5 - h y d r o x y I m e t h y l - c y c l o h e x a n e - 2 , 3 , 4 , 5 -
tetraol 25. To a solution of 84 (29 mg, 0.073 mmol) in EtOH (7 mL) was added 
20% Pd(0H)2 on charcoal (30 mg) and H2 was bubbled through the mixture with 
stirring until no U V active species was shown by TLC. The solution was filtered 
through a pad of Celite and the filtrate concentrated. Flash column chromatography the 
residue gave the crude product (CHCl3-MeOH-NH3(aq) 10:7:3). The product was 
further purified by Amberlite CG-50 (NH4+) to afford 25 as a white amorphous solid 
(0.011 g, 85%): TLC Rf 0.15 (CHClg-MeOH-NH3(叫）10:7:3); (c 0.5, 
H2O) {lit.,26 [a]24j^ -23.2° (c 0.5，H2O)}; IR (neat) 3351.7 cm-1； i H NMR (250 
MHz，D2O) 5 1.65 ( IH , t*, 7 = 3 . 2 Hz, Hax-7), 2.06 ( IH, dd，J: 1.0，3.5 Hz, Heq-
7)，3.20-3.75 (6H，m, H-l’2，3，4，6) (*apparent splitting pattern); l^C NMR (D2O, 
62.9 MHz, dioxane at 67.40 ppm) 8 34.96, 50.76, 66.58, 73.99 74.75，75.12, 
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75.77; MS m/z (CI) 194 (M++1，11.07). Anal. Calcd for C7H15O5N.O.45H2O: C, 
41.77; H, 7.96; N, 6.95. Found: C，41.73; H, 7.84; N, 6.84. 
( IS,2及，3R , 4 5 , 5 S ) - l - A i i i i n o - 5 - h y d r o x y l m e t h y l - c y c l o h e x a n e - 2 , 3 , 4 , 5 -
tetraol 26. To a solution of 99 (32.8 mg’ 0.082 mmol) in EtOH (5 mL) was added 
20% Pd(0H)2 on charcoal (30 mg) and H2 was bubbled through the mixture under 
stirring unti l no U V active species was shown by TLC. The solution was filtered 
through a pad of Celite and filtrate concentrated. Flash column chromatography the 
residue gave the crude product (CHCI3—MeOH-NH3(aq) 9:8:3). The product was 
further purified by Amberlite CG-50 (NH4+) to afford 26 as a white amorphous solid 
(0.013 g，80%): TLC RfO.U (CHCI3-MeOH-NH3(aq)9:8:3); (c 0.36， 
H2O); IR (neat) 3339 cm-l ; i H NMR (250 MHz, D2O) 8 1.78 ( IH , dd，7=4.8, 14.8 
Hz, Hax-7), 2.02 ( IH , dd, J = 4.4，14.8 Hz, Heq-7), 3.38 ( IH , q*, J = 4.5 Hz, H-
1)，3.51 and 3.62 (2H，ABq, 7 = 11.7 Hz, H-6), 3.75 ( IH , d, 7 = 8 . 0 Hz, H-4), 
3.8-4.1 (2H, m, H-2 and H-3) (*apparent splitting pattern); 13c NMR (D2O, 62.9 
MHz, dioxane at 67.40 pm) 5 31.05, 50.90, 66.22，70.11, 71.42, 71.86，76.22; MS 
m/z (CI) 194(M++1’ 100). Anal. Calcd for C7H15O5N O.5H2O: C, 41.58; H, 7.98; 
N，6.93. Found: C, 41.53; H, 7.93; N, 6.75. 
(11? ,2/?,31?, 4 5 , 5 5 ) - l - A i n i n o - 5 - h y d r o x y l i n e t h y I - c y c l o h e x a n e - 2 , 3 , 4 , 5 -
tetraol 27. To a solution o f 89 (31 mg, 0.078 mmol) in EtOH (5 mL) w a s added 
20% Pd(0H)2 on charcoal (100 mg) and H � w a s bubbled through the mixture under 
stirring until no UV active species was shown by TLC. The solution was filtered 
through a pad of Celite and the filtrate concentrated. Flash column chromatography the 
residue gave the crude product (CHCI3-MeOH-NH3(aq) 9:8:3). The product was 
further purified by Amberlite CG-50 (NH4+) to afford 27 (0.011 g, 73%) as a white 
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amorphous solid: TLC RfO.U (CHCI3-MeOH-NH3(aq) 9:8:3); -13.7" (c 
0.51，H2O); I H NMR (250 MHz, D2O) 5 1.80-2.00 (2H, m, 7-H), 3.50-3.65 ( IH , 
m, H-1), 3.50 and 3.60 (2H, ABq, 7 = 11.3 Hz, H-6)，3.68 ( IH , d，/ = 9.9 Hz, H-
4), 3.78 ( I H , dd，7=2.9, 9.9 Hz, H-3)，4.13 ( IH , br s，H-2); 13c NMR (D2O, 62.9 
MHz, dioxane at 67.4 ppm) 5 31.63，48.38，66.40，67.40*, 70.48, 71.62, 74.20 
(•overlapped wi th dioxane); MS m/z (CI) 194 (M++1，100). Anal. Calcd for 
C7H15O5N.O.8H2O: C, 40.50; H, 8.06; N, 6.75. Found: C, 40.79; H, 8.20; N, 
6.36. 
( 1 5 , 2 5 , 3 / ? , 4 S , 5 S ) - l - A ^ - A c e t y l - 2 , 3 , 4 - t r i . O - a c e t y l - 5 . a c e t y l o x y l n i e t h y l -
cyclohexane-2，3，4，5-tetraol 44. To a solution of 23 in pyridine (0.5 mL) was 
added AC2O (0.25 mL) and a catalytic amount of DMAP. The reaction mixture was 
allowed to stir at rt overnight and the solvent was removed under reduced pressure. 
The crude product was purified by flash chromatography with 5% MeOH in 
chloroform to afford 44 (29 mg，70 %) as a white solid, mp 137-138。C {lit.,29 mp 
137-138。C}: TLC Rf 0.26 (5% MeOH in chloroform) ； [aJ^Oj^ -17.8° (c 2.02, 
CHCI3) { l i t .29 [ a p D -14.8。ic 1，CHCI3)}; IR (neat) 3345，1737, 1680 cm-l ; iR 
N M R (250 MHz) 5 1.99 (6H’ s, 2 x Ac), 2.02 (3H，s, Ac)，2.09 (3H, s, Ac), 2.10 
(3H, s, Ac)，3.02 ( IH , s, OH), 3.85 and 3.96 (2H，ABq, / = 11.6 Hz, H-6), 4.7-4.8 
( I H , m，H-1), 4.93 (IH，dd, / = 4.4，10.7 Hz, H-2), 5.08 ( IH , d，J = 9.8 Hz，H-4), 
5.52 ( IH , t * , 7 = 10.3 Hz, H-3), 7.01 ( IH, br d, J= 8.7 Hz, NHAc), (Hax-7 and 
Heq-7 overlapped with Ac) (*apparent splitting pattern); MS m/z (CI) 404 (M++1, 
9.98). 
( l / ? , 2 / ? , 3 / ? , 4 5 , 5 5 ) - 4 , 5 - D i - 0 - a c e t y l - 3 . 0 - b e n z y I - 5 - b e n z y l o x y m e t h y l -
cyc lohexane - l ,2 ,3 ,4 ,5 -pentaoI 62. To a solution of 79 (4.8 g, 8.92 mmol) in 
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CH2CI2 (20 mL) was added TFA (0.5 mL) and H2O (1 mL). The mixture was 
allowed to stir vigorously at rt for 24 h. Then the reaction mixture was quenched with 
saturated NaHC03(aq) solution and the aqueous layer was extracted with CH2CI2 (2 x 
20 mL). The combined organic phase was dried (MgS04) and filtered. Concentration 
of the filtrate followed by flash chromatography (Et20-hexane 3:1) afforded 62 (3.5 
g，90%) as a white amorphous solid: TLC Rf 0.19 (hexane-Et】。1:3); [a]25j) -13.5° 
(c 0.37，CHCI3); IR (neat) 3425, 1740 cm-l; i R NMR (250 MHz) 8 1.93 (3H, s, 
Ac), 2.00-2.01 ( I H , m’ Hax-7), 2.04 (3H, s, Ac), 2.62 ( IH , br s, OH), 2.74 ( IH , 
dd，J = 4.8, 13.8 H z ’ Heq-7) , 3.71 and 3.92 (2H, A B q , 7 = 9.0 Hz) , 3.73 (2H, dd, 
J = 2.9，10.0 Hz, H-3 and H-1)，4.20 ( IH , br s, H-2), 4.37 and 4.45 (2H, ABq, 7 = 
11.7 Hz, 0CH2Ph), 4.60 and 4.66 (2H, ABq，J= 12.1 Hz, OCHsPh)，5.46 ( IH , d, 
J = 10.0 Hz, H-4), 7.20-7.40 (lOH，m，Ph); MS m/z (EI) 458 (M+，0.08), 367 
(M+-C7H7, 0.18), 261 (M+-C7H7-C7H6O, 73.4), 91 (100). Anal. Calcd for 
C25H30O8: C，65.49; H, 6.60. Found: C, 65.57; H, 6.84. 
( l / ? , 2 / ? , 3 5 ) - 3 - 0 - B e n z y l - 5 - b e n z y l o x y i n e t h y M , 2 - 0 - c y c l o h e x y I i d e n e - 4 -
cydohexe i i - l ,2 ,3 - t r io l 63.18 NaH (80%, 9.8 g, 0.33 mol) was washed with dry 
hexane (2 x 20 mL) and was suspended in dry THF (400 mL). Solution of 76 (26 g, 
0.11 mol) in dry THF (200 mL) was added to the NaH over 10 minutes under N! . 
Then BnBr (51.5 mL, 0.43 mol) was added followed by a catalytic amount of 
Bu^4NI. The mixture was refluxed overnight, quenched with MeOH-HsO (2:1)， 
concentrated and diluted with Et20 (500 mL). The solution was washed with brine (2 
X 200 mL), dried (MgS04)’ filtered and the filtrate was concentrated. Flash column 
chromatography (hexane-EtzO 5:1) of the crude product provided 63 (45.4 g’ 98%) 
as a colourless syrup: TLC Rf 0.23 (hexane-Et20 5:1); +28° (c 0.8，CHCI3) 
{lit.,18 [ a ] D +5.5° (c 0.3, CH2CI2)}； IR (neat) 3000-3100 cm-1; ^H NMR (250 
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MHz) 5 1.27-1.73 (lOH, m), 1.86 (IH，br d, J = 16 Hz), 2.24 ( IH , dd, J = 1.4，16 
Hz), 3.82 ( IH , br s), 3.95 and 4.01 (2H, ABq, 7 = 1 2 Hz), 4.44 and 4.56 (2H, ABq, 
•7=12 Hz), 4.50-4.61 (2H, m), 4.69 and 4.79 (2H, ABq, J = 12.7 Hz), 5.90 ( IH , br 
s)，7.24-7.41 (lOH, m); MS m/z (EI) 420 (M+，0.2), 91 (100). 
( l l ? , 2 S , 3 l ? , 4 S , 5 S ) - l - A z i d o - 4 , 5 - d i - 0 - a c e t y l - 3 . 0 - b e n z y l - 5 -
benzy loxy ine thy l - cyc lohexane-2 ,3 ,4 ,5 - te t rao l 64. To a solution of 6 5 
(0.067 g, 0.13 mmol) in dry DMF (20 mL) was added U N ? (0.033 g, 0.52 mmol) 
and the solution was stirred for 6 h at rt. The solvent was evaporated and the residue 
dissolved in THF (20 mL) and 20% H2S04(aq) (2.5 mL) was added. The mixture 
was allowed to stir for 1 h and then quenched with saturated Na2C03(aq) solution (20 
mL). The aqueous phase was extracted with EtzO (2 x 10 mL) and the combined 
extracts were dried (MgS04)，filtered and the filtrate concentrated. The crude product 
was purified by flash chromatography (Et20—hexane 1:1) to afford 64 (0.03 g, 50%) 
as a colourless syrup: TLC Rf 0.37 (hexane-EtzO 1:1); 一 3 . 3 7 ° (c 0.89， 
CHCI3); IR (neat) 3470，2105, 1739.3 cm-l; i H NMR (250 MHz) 5 1.62 ( IH, dd, J 
=12.6，14.7 Hz，Hax-7), 1.92 (3H, s，Ac)，2.12 (3H, s, Ac), 2.62 ( IH, br d, 7 = 2 . 4 
Hz, OH), 2.90 ( IH , dd, 7 = 4.4, 14.6 Hz, Heq-7), 3.46 ( IH, ddd, J = 4.4, 9.6，12.3 
Hz’ H-1)，3.59 ( IH , dt*, J = 2.4, 9.3 Hz, H-2)，3.62 and 3.94 (2H, ABq, J = 9.0 
H z , H - 6 ) , 3.73 ( I H , dd，J = 9.0, 9.8 Hz , H -3 ) , 4.36 and 4.44 ( I H , A B q , 7 = 11.6 
Hz, OCH2Ph), 4.68 and 4.75 ( IH , d, 7 = 11.5 Hz, OCHsPh)，5.21 ( IH, d, 7 = 9.9 
Hz, H-4), 7 .1-7.4 (lOH，m, Ph) (*apparent splitting pattern); MS m/z (EI) 377 
(M+-C7H6O, 3.46), 286 (M+-C7H7-C7H6O, 1.76)，285 (M+-C7H7-C7H7O, 1.37), 
91 (100). Anal. Calcd for C25H29O7N3： C，62.10; H，6.05; N，8.69. Found: C, 
62.21; H, 6.12; N，8.33. 
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( 1 5 , 2 1 ? , 3 5 , 4 S , 5 S ) . 4 , 5 - D i - 0 - a c e t y l - 3 - 0 - b e n z y I - 5 - b e n z y l o x y n i e t h y M , 2 -
0 ,0 .su I fony l .cyc Iohexane- l ,2 ,3 ,4 ,5-pentao l 65. A solution of 66 (0.08 g, 
0.18 mmol), EtsN (0.076 mL’ 0.69 mmol) in CH2CI2 (15 mL) was cooled to 0。(：• 
Then SOCI2 (0.045 mL, 0.61 mmol) was added. The mixture was allowed to stir for 
several min and then cold Et20 (5 mL), cold water (15 mL) was added. The aqueous 
phase was extracted with EtzO (2 x 10 mL), the combined extracts were dried 
(MgS04)，filtered and the filtrate was concentrated. The crude product was pumped 
under vacuum for 1 h. 
The residue was dissolved in CCI4-CH3CN (1:1) (20 mL), and the solution was 
cooled to 0。C Then NaI04 (0.187 g，0.87 mmol), H2O (10 mL) and a catalytic 
amount of RuClg.HsO were added and the mixture stirred vigorously. After 1 h, Et20 
(5 mL) was added and the aqueous phase was extracted by EtzO (2 x 10 mL). The 
combined organic extracts were washed with brine, dried (MgS04)，filtered. 
Concentration of the filtrate followed by flash chromatography (hexane—Et20 2:1) 
afforded 65 (0.067 g，74%) as a white solid: mp 44一46 °C; TLC Rf 0.56 
(hexane-Et20 1:3); +42.2" (c 3.91, CHCI3); IR (neat) 1740 cm-1; iR NMR 
(250 MHz) 8 1.91 (3H’ s，Ac), 2.07 (3H, s’ Ac), 2.15 ( IH, dd, 7=3 .8 , 17.4 Hz, 
Hax-7) , 3.43 and 4.05 (2H，ABq，J= 8.7 Hz, H-6) , 3.52 ( I H , d d , / = 1.7, 17.4 Hz, 
Heq-7), 4.33 and 4.47 ( 2H, ABq, J= 11.8 Hz, OCHzPh)’ 4.50 ( IH, dd, 7 = 7.8, 
10.7 Hz, H-3)，4.64 and 4.84 (2H, ABq, 7 = 11.5 Hz, OCHaPh)，4.96 ( IH, dd，3: 
5.4, 7.9 Hz，H-2)，5.17-5.25 ( IH , m，H-1)，5.25 ( IH , d，/ = 10.6 Hz, H-4), 
1.2-1 A ( lOH, m, Ph); MS m/z (EI) 413 (M+-C7H7, 0.84), 3231 
(M+-C7H7-C7H6O, 83.36). Anal. Calcd for C25H28O10S： C, 57.68, H 5.42，S, 
6.16. Found C, 57.71; H，5.46，S，6.14. 
( 1 5 , 2 5 , 3 / ? , 4 5 , 5 5 ) - 4 , 5 - D i - 0 - a c e t y l . 3 - 0 - b e n z y l - 5 - b e n z y I o x y m e t h y I -
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cyclohexane- l ,2 ,3,4,5-pentaol 66. (a) By OSO4 method. To a solution of 
69 (0.23 g，0.54 mmol)，MesNO (0.09 g, 0.76 mmol)，pyridine (0.27 mL，3.37 
mmol)’ H2O (0.05 mL’ 2.94 mmol) in ButQH (20 mL) wad added catalytic amount of 
OSO4. The solution was refluxed with stirring for 24 h under N〗.After cooling，the 
reaction mixture was quenched with saturated Na2S203(aq) solution (20 mL) and was 
extracted with Et20 (2 x 20 mL). The organic phase was filtered through a short 
column of silica gel and the column eluted with Et】。(300 mL). Evaporation of 
solvent followed by flash chromatography (hexane-Et】。1:3) afforded 62 (0.0125 g 
7.8%)’ starting material (0.082 g) and 66 (white solid, 0.1 g, 62% base on recovery 
of starting material): mp 127-128 °C; TLC RfO.21 (hexane -Et20 1:2); [a]25D +21.9° 
(c 1.0, CHCI3); IR (neat) 3450’ 1737 cm-1; iR NMR (250 MHz) 8 1.73 ( IH, dd, J 
=2.8 , 16 Hz, Hax-7), 1.96 (3H, s, Ac), 2.03 (3H, s, Ac), 2.54 ( IH , br s, OH), 2.75 
( I H , br s, OH), 3.13 ( IH , dd, 7 = 2 . 7 , 16.0 Hz’ Heq-7)’ 3.48 and 3.97 (2H, ABq, J 
=8.8 Hz，H-6)，3.62 ( IH , dd，J = 3.2, 9.2 Hz, H-2)，4.04 ( IH , dd, J = 9.7，9.9 Hz, 
H-3), 4.1-4.2 ( IH , m，H-1), 4.36 and 4.47 (2H, ABq, 7 = 11.7 Hz, 0CH2Ph), 4.67 
and 4.77 (2H, A B q , J : 11.5 Hz，OCHsPh), 5.27 ( I H , d, 7 = 9.9 Hz, H-4) , 
7 . 2 - 7 . 4 5 ( l O H，m , Ph); MS m/z (EI) 367 (M+-C7H7, 18.36), 261 
(M+-C7H7-C7H6O, 100). Anal. Calcd for C25H30O8： C，65.49; H, 6.60. Found: C, 
65.03; H, 6.44. 
(b) By RUCI3 method. A solution of 69 (0.015 g, 0.035 mmol) in 
(CCI4-CH3CN 1:1) (5 mL) was cooled to 0 Then solution of NaI04 (0.0078 g, 
0.037 mmol) and a catalytic amount of RUCI3.H2O in H2O (5 mL) was added and the 
mixture was stirred vigorously for several min. Then saturated Na2S203(aq) (2 mL) 
and Et20 (20 mL) was added. The aqueous phase was extracted by EtzO (2 x 10 mL) 
and the combined organic extracts were washed with brine, dried (MgSO^), filtered 
and the filtrate was concentrated. Flash chromatography (hexane-EtsO 3:1) of the 
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crude product afforded 66 (0.013 g，80%) as a white solid. 
4S,5S)-l-Azido-4, 5-di-O -acety 1-3-O-benzyl-5-
benzyloxyniethyl-cyclohexane-2,3,4,5-tetraol 67. To a solution of 9 1 
(0.185 g，0.031 mmol) in dry DMF (8 m L ) ) was added NaN; (0.06 g, 0.92 mmol) 
and benzo 15-crown-5 (0.27 g，1.0 mmol). The mixture was stirred overnight and 
then diluted with CH2CI2 (20 mL), washed with brine (2 x 40 mL), dried (MgS04) 
and filtered. Concentration of the filtrate fol lowed by flash chromatography 
(CHCI3—MeOH-hexane 3:5:65) afforded 95 (0.024 g，20%) as a pale purple syrup 
and 67 (60%) as a colourless syrup: 67: TLC Rf 0.46 (hexane:Et20 1:2); 
+9.88° (c 1.62, CHCI3); IR (neat) 3425, 2108，1738.2 cm-l; i R NMR (250 MHz) 8 
2.00 (3H, s, Ac)，2.03 (3H, s，Ac), 2.37 ( IH , br s，7-H，)，2.39 ( IH , br s, 7-H), 
2.57 (IH，br s，OH)，3.6-3.7 ( IH, m，H-1), 3.71 and 3.99 (2H, ABq, 7=9.8 Hz, H-
6), 3.8-3.9 (2H，m，2H and H-3), 4.36 and 4.50 (2H，ABq, J = 11.9 Hz, 0CH2Ph), 
4.58 and 4.69 (2H，ABq, 7 = 11.5 Hz, OCHzPh)，5.67(1H, d, 7 = 6.7 Hz, 4H), 
7.2-7.4 (lOH，m，Ph); MS m/z (EI) 392 (M+-C7H7, 3.36), 286 (M+-C7H7-C7H6O, 
100), 376 (M+-C7H7O, 4.02). Anal. Calcd for C25H29O7N3： C，62.10; H，6.05; N, 
8.69. Found: C，62.14; H, 5.97; N, 8.59. 
95: IR (neat) 1723’ 1703，1622 cm-1; I r NMR (250 MHz) 5 2.00 (3H, s, Ac), 
2.2-3.0 (4H，m，H-1 and 7-H), 3.70 and 3.94 (2H，ABq, J = 9.8 Hz, H-6), 4.49 and 
4.55 (2H, ABq, J = 12.0 Hz, OCH2PH), 4.78 and 4.85 (2H, ABq, J = 12.0, 
OCH2Ph), 6.19 ( IH , s，H-4), 7.2-7.5 (lOH，m’ Ph). 
(ll?,2S,3S,4S,5S)-4,5-Di-0-acetyl-3-0-benzyl-5-benzyloxymethyl-l,2. 
0,0-su l fony l .cyc lohexane- l ,2 ,3 ,4 ,5-pentao l 68. A solution of 62 (0.494 
g’ 1.07 mmol), EtsN (0.47 mL, 4.31 mmol) in CH2CI2 (20 mL) was cooled to 0。C. 
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Then SOCI2 (0.28 mL, 3.77 mmol) was added with stirring. After several min, cold 
Et20 (10 mL) and cold H2O (15 mL) was added. The aqueous phase was extracted 
with E t20 (2 X 15 mL). The combined extracts were dried (MgS04)，filtered and 
filtrate concentrated. The residue was pumped under high vacuum for one h. 
The residue was dissolved in CCI4-CH3CN (1:1) (20 mL), and was cooled to 0 "C, 
Then NaI04 (0.92 g，4.32 mmol), H2O (10 mL) and catalytic amount of RUCI3.H2O 
was added. The reaction mixture was stirred vigorously for one h at 0 °C and Et20 (5 
mL) was added. The aqueous phase was extracted by Et20 (2 x 15 mL) and the 
combined organic extracts were washed with brine, dried (MgS04)’ filtered and the 
filtrate was concentrated. The crude product was purified by flash chromatography 
(Et20-hexane 1:2) to afford 68 as a white amorphous solid (0.48 g, 86%): TLC Rf 
0.48 (hexane-Et20 1:3); iR NMR (250 MHz) 8 1.95 (3H，s, Ac), 2.03 (3H, s, Ac), 
2.39 (IH，dd, J = 10.7，14.7 Hz, Hax-7), 3.19 ( IH, dd’ 7 = 6.5, 14.6 Hz, Heq-7), 
3.64 and 3.90 (2H, ABq，7 = 9.2 Hz, H-6) , 4.00 ( I H , dd, 7 = 3 . 8 , 9.3 Hz, H-3), 
4.37 and 4.47 (2H，ABq, J: 12.1 Hz’ OCHzPh)，4.66 and 4.72 (2H, ABq, / = 12.1 
Hz, OCH2Ph), 4.90 (IH，ddd’ 7 = 4.5, 6.5’ 10.9 Hz, H-1)，5.20 ( IH, t*，7 = 4.1 
Hz, H-2), 5.52 ( IH, d，J = 9.4 Hz, H-4), 7.1-7.5 (lOH，m, Ph) (*apparent splitting 
pattern); MS m/z (EI) 429 (M+-C7H7，0.22), 323 (M+-C7H7-CyHgO’ 1.79), 91 
(100). 
(31?, 4 S , 55 ) - 4 , 5 - 0 - A c e t y l - 3 - 0 - b e n z y l - S - b e n z y l o x y m e t h y l - l -
cyclohexene-3 ,4 ,5-tr iol 69. To a solution of 62 (0.4 g，0.96 mmol) in toluene 
(50 mL) was added 1,1 '-thiocarbonyldiimidazole (0.19 g，1.07 mmol). The reaction 
mixture was heated to 90 °C for 1.5 h and refluxed overnight. Then saturated 
NH4CI(叫）(50 mL) was added and the aqueous phase was extracted with Et20 (2 x 25 
mL). The combined extracts were washed with cold 0.1 N H2S04(aq)，saturated 
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™C03(aq) and brine solution, dried (MgS04) and filtered. Concentration of the 
filtrate followed by flash chromatography (Et20-hexane 3:2) afforded 80 as a white 
solid (0.42 g, 87%); mp 68-70。C. 
Thiocarbonate 80 was dissolved in P(0Me)3 (10 mL) and the solution was refluxed 
for 24 h. Evaporation of the solvent under reduced pressure followed by flash column 
chromatography (Et20~hexane 1:2) furnished 69 (0.27 g，74 %) as a colourless 
syrup: T L C Rf 0.53 (hexane-EtzO 1:1); [apSj^ 一 5 0 . 6 。 ( c 1.6，CHCI3); IR (neat) 
3000-3200, 1746.9 cm-1; i R NMR (250 MHz) 8 1.93 (3H, s, Ac), 1.94 (3H，s, 
Ac)，2.54 (IH，ddd, J= 2.6’ 4.4, 20.0 Hz, Hax-7), 2.82 (IH，d, 7=20 .0 Hz, Heq-
7)，3.81 and 3.94 (2H，ABq, J = 9.6 Hz, H-6), 4.12-4.20 ( IH , m，H-3), 4.30 and 
4.41 (2H，ABq, 7 = 11.9 Hz，OCHzPh)，4.57 (2H, s, OCHaPh)，5.56 ( IH , d, 7 = 
6.1 Hz, H-4), 5.6-5.7 (2H，m，H-1 and H-2), 7.1-7.30 (lOH，m, Ph); MS m/z (EI) 
333 (M+-C7H7, 1.2), 227 (M+-C7H7-C7H6O，16.59), 242 (M+-2C7H7，1.31)，91 
(100). Anal. Calcd for C25H28O6： C, 70.74; H, 6.65. Found: C, 70.98; H, 6.94. 
3 ,4 -0 -Cyc lohexy l idenequ in ic ac id- l ,5- lactone 72.47 Xo a suspension of 
(-)-quinic acid (30 g，156 mmol) in cyclohexanone (50 mL, 468 mmol) was added 5 
drops of conc. H3PO4. The resulting mixture was refluxed for 1 h and was then 
distilled for ca. 2 h until all the water came out. The solution was allowed to cool to rt 
and the crystals were dissolved in EtOAc (50 mL). NaHCO) (5 g) and anhydrous 
Na2S04 (5 g) were added to the solution which was stirred at rt until complete 
neutralization as shown by the pH paper. The reaction mixture was filtered and the 
filtrate was concentrated. Recrystallization of the solid from CHCI3—hexane (1:1) 
afforded 72 (29.3 g, 74%) as white needles: mp 140-142。C {lit”46 mp 139-141。C}; 
TLC 々0.30 (hexane-Et20 1:2); -30.4° (c 1.0, CHCI3) {lit.’46 [a]20i, -33° (c 
1.1, CHCI3)}； IR (neat) 3425, 1797 cm-l; i H NMR (250 MHz) 8 1.40-1.75 (lOH, 
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m)，2.18 ( IH , dd, 7 = 3, 14 Hz), 2.34 (2H, m), 2.66 ( IH, d, / = 12 Hz), 3.04 ( IH , 
s)，4.31 ( IH , ddd, J = 1.2, 2.3, 6 Hz), 4.48 ( IH , dt*, J = 2.85, 7 Hz), 4.74 ( IH , dd, 
J = 2.5，6 Hz) (*apparent splitting pattern); MS m/z (EI) 254 (M+,24), 211 
(M+-C3H7,100). 
M e t h y l 3 ,4-O-cyc lohexy l idenequinate 73.1^ To a solution of 72 (83.7 g, 
0.33 mol) in MeOH (500 mL) was added NaOMe (26.7 g, 0.49 mol) at 0 °C. The 
solution was stirred for 2 h at 0 °C. The pH of the resulting solution was adjusted to 
about 5 by adding glacial HOAc dropwise. Excess MeOH was evaporated and the 
brown solution was diluted with Et20 (500 mL) and washed with brine solution (2 x 
200 mL), dried (MgS04)，filtered and the filtrate was concentrated. The residue was 
purified by flash column chromatography (hexane—EtzO 1:4) to afford 73 [44 g, 70% 
(based on recovery of the starting material, 11 g)] as a colourless syrup {lit.，19 mp 
81-82。C}: TLC Rf 0.3 (hexane-Et】。1:4); -41.8° (c 0.8，CHCI3) {lit.，l9 
[a ]D "^0.5。( c 5.2, CH2CI2)}； IR (neat) 3450, 1733 cm-l ; i R NMR (250 MHz) 8 
1.40-1.75 (lOH, m), 1.75-2.40 (4H, m), 3.00 ( IH , br, s)，3.56 ( IH , br ,s), 
3.81(3H，s), 3.99(1H, t* , J = 6.68 Hz)，4.13 ( IH , ddd, J = 4.5, 6.5, 11.0 Hz), 4.47 
( IH , dd, J = 4.5, 7.5 Hz) (*apparent splitting pattern); MS m/z(EI) 286 (M+’ 29), 243 
(M+-C3H7, 100). 
M e t h y l 4 ,5-0-Cyc lohexy l idene -3 -dehy( l ro -4 -ep ish isk in ia te 7 4 . ” To a 
suspension of 73 (3.15 g，11 mmol), 4入 molecular sieve (6.3 g) and pyridine (10 mL, 
3 3 mmol) in dry CH2CI2 (60 mL) was added PCC (9.5 g, 44 mmol) at 0 The 
solution was stirred at rt for 46 h，then diluted with Et20 (60 mL) and filtered through 
a pad of silica gel topped with Celite. The filtrate was concentrated. Purification of the 
crude product by flash chromatography with hexane-Et〗。（1:1) afforded 74 (2.3 g, 
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79%) as a yel low solid: mp 98-100。C {lit.,19 mp 90-91。C}; TLC R f 0.34 
(hexane-Et20 1:1); [a]25j) 47。(c 1.0, CHCI3) {lit., 19 [a]^ «44。(c 2.1, CH2CI2)}； 
IR (neat) 1722,1682 cm-1; i R NMR (250 MHz) 8 1.3-1.7 (lOH, m), 2.87 ( IH , ddd, 
J = 2.8，4.9, 20 Hz), 3.25 ( IH , br d, 7 = 20 Hz), 3.86 (3H, br s), 4.30 ( IH，d,7 = 
4.9 Hz), 4.70 ( I H , dt*, J = 1.6, 4.9 Hz), 6.84 ( IH , d, 7 = 2.5 Hz) (*apparent 
splitting pattern); MS m/z (EI) 266 (M+，20)，223 (M+-C3H7,100) 
( l l ? , 2 / ? , 3 S ) - l , 2 - 6 > - C y c l o h e x y l i d e i i e - 5 - h y d r o x y n i e t h y l - 4 - c y c l o h e x e n -
1,2,3-tr iol A solution of 74 (32.7 g, 0.12 mol) in toluene (600 mL) was 
cooled to - 4 0 °C and 20% of D IBAL-H (365.7 mL, 0.36 mol) in hexane was added . 
The mixture was allowed to stir for one h under N2. The resulting solution was 
quenched with saturated NH4Cl(aq) solution (40 mL), filtered through a pad of Celite 
and the filtrate was dried (MgS04) and filtered. Concentrated the filtrate followed by 
flash column chromatography (hexane—EtzO 1:4) afforded 76 (26 g, 90 %) as white 
solid: mp 80-82。C { l i t . 66 mp 67-69 °C}; TLC RfO.ll (hexane-Et〗。1:4); 
+3.9° (c 0.8，CHCI3) { l i t .66 [a]23D +3.7° (c 0.8’ CH2CI2)}； IR (neat) 3400 cm-l; 
I H NMR (250 MHz) 5 1.21-1.57 (lOH，m), 2.42 (IH，dd，J = 2.8, 16 Hz), 4.05 
(3H，br s), 4.47 ( I H , dd, J = 4.4, 6.5 Hz), 4.57 ( I H , ddd, J = 2.8，4，7 Hz), 5.67 
( IH , br s); MS m/z (EI) 240 (M+，43). 
( 1 及 ， 2 及 ， 3 5 ， ， 5 S ) . : 3 - ^ ? - B e n z y 1 - 5 - b e n z y l o x y i n e t h y l - l ， Z - O -
cyc lohexy l i dene-cyc lohexane- l j l jSAS-pen tao l 77. To a solution of 63 in 
BUHDH (70 mL) was added MegNO (2.6 g，23.3 mmol), pyridine (9 mL, 103.3 
mmol), H2O (1.6 mL, 90 mmol) and OSO4 (2.5 wt. %’ 0.25 mL). The mixture was 
refluxed for 12 h. The reaction mixture was cooled to rt, quenched with saturated 
Na2S203(aq) (20 mL) and filtered through a short column of silica gel. The organic 
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phase was washed with brine (2 x 20 mL), dried (MgS04), filtered and the filtrate was 
concentrated. Flash column chromatography (hexane-EtzO 1:1) of the residue 
afforded 77 (5.7 g, 75 %) as a white solid: mp 101 —103 TLC 
(hexane-Et20 1:2); [a]25j) -27° (c 1.0, CHCI3); IR (neat) 3460 cm-l; i H NMR (250 
MHz) 5 1.3-1.8 ( I I H , m, CgHio and Hax-7), 2.02 ( IH, dd, J = 6.4, 14.4 Hz, Heq-
7)，2.51 ( IH , s，OH), 2.75 ( IH, s, OH), 3.43 and 3.48 (2H，ABq, J = 9.1 Hz, H-
6)，3.80 (IH，dd, J = 3.9, 9.5 Hz，H-3), 4.00 ( IH, d，/ = 9.5 Hz, H-4), 4.25-4.45 
(2H, m，H-1 and H-2), 4.55 (2H，s, CHaPh)，4.70 and 4.80 (2H, ABq, 7 = 12.0 Hz, 
CH2Ph), 7.2-7.5 (lOH，m, Ph); MS m/z (EI) 538 (M+,0.43), 241(M+-43, 84.7), 55 
(100). Anal. Calcd for C27H34O6： C，71.34; H, 7.54. Found C，71.33; H, 7.50. 
( l / ? ,25 ,35 ,45 ,55 ) -4 ,5 -D i -0 -ace ty l -3 -0 -benzy I -5 -benzy Ioxyn ie thyM,2 -
0-cyclohexyl idene-cyclohexane- l ,2,3,4,5-pentaol 79. Diol 77 (2.9 g, 
6.39 mmol) was dissolved in EtgN (20 mL) and AC2O (4.8 mL，51.1 mmol), catalytic 
amount of DMAP was added to the solution at rt and was refluxed for 3 h. The 
mixture was quenched with saturated NH4Cl(aq) solution (20 mL), extracted with Et20 
(2 X 40 mL), dried (MgS04)，filtered and the filtrate was concentrated. Flash 
chromatography (hexane-Et〗。1:1) of the crude product provided 79 (6.0 g, 90%) as 
a colourless syrup: TLC Rf 0.5 (hexane-EtjO 1:1); IR (neat) 1744 cm-l; ^H NMR 
(250MHz) 8 1.2-1.7 ( I I H ’ m)，1.88 (3H，s)，1.93 (3H，s)，2.72 ( IH, dd, 7=6.15, 
14.6 Hz), 3.62 and 3.79 (2H, ABq, 7=9.18 Hz), 3.90 ( IH, dd, / = 4.3, 10.0 Hz), 
4.00-4.08 ( IH, m), 4.29 ( IH, m)，4.30 and 4.38 (2H，ABq, 7 = 12 Hz)，4.63 (2H, 
br s), 5.42 ( IH, d, J= 10.0 Hz), 7.18-7.31 (lOH，m); MS m/z (EI) 538 (M+，0.43), 
91(C7H7, 100). Anal. Calcd for C31H38O8： C，69.13; H，7.11. Found C, 68.9; H， 
7.29. 
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( l S , 2 S , 3 / ? , 4 S , 5 S ) - 2 , 4 . D i - 0 - a c e t y l - 3 - 0 - b e n z y l - 5 - b e n z y I o x y m e t h y l -
cyclohexane- l ,2,3,4,5-pentaol 81. To a solution of 69 (0.26 g，0.63 mmol), 
MesNO (0.26 g，2.33 mmol), pyridine(0.25 mL, 13.2 mmol), H2O (0.056 mL, 3.15 
mmol) in Bu^OH (3 mL) was added catalytic amount of OSO4. The solution was 
refluxed for 2 d under N2. After cooling, the reaction mixture was quenched with 
saturated aqueous NazSzO〗 solution (20 mL) and extracted with Et20 (2 x 20 mL). 
The organic phase was filtered through a short column of silica gel and the column was 
eluted with Et〗。(300 mL). The eluent was concentrated and the crude product was 
purified by flash chromatography (hexane-EtzO 1:3) to afford 81 (0.085 g，30 % base 
on recovery of starting material) as a white solid: mp 105—107 °C; TLC R j 0.21 
(hexane-Et20 1:2); [a]23j) +21.5° (c 1.0，CHCI3); IR (neat) 3400, 1740 cm-l; iR 
N M R (250 MHz) 5 1.79 ( IH , dd, J = 2.8, 15.2 Hz, Hax-7), 1.88 (3H，s, Ac), 2.06 
(3H, s，Ac)，2.16 ( I H , dd, 7 = 3 . 4 , 15.4 Hz, Heq-7), 3.27 and 3.35 (2H, ABq, J = 
9.2 Hz, H-6), 3.53 (IH，s，OH), 3.57 ( IH , s，OH)，4.18 ( IH, t * , J : 10.0 Hz, H-3), 
4.2-4.3 ( IH , m，H-1), 4.42 and 4.48 (2H, ABq, 7 = 11.4 Hz, OCHsPh)，4.63 and 
4.72 (2H，ABq, J= 11.7 Hz, OCHaPh)，4.89 ( IH , dd, 7 = 3.1, 10.1 Hz, H-2), 5.15 
( IH , d, 7 = 9.8 Hz, H-4)，7.1 -7 .4 (lOH，m，Ph) (*apparent splitting pattern); MS m/z 
( E I ) 3 6 7 (M+-C7H7, 12 .44) , 2 7 6 (M+-2C7H7’ 0 . 2 5 ) , 2 6 1 ( M + - C 7 H 7 - C 7 H 6 O , 
59.12). Anal. Calcd for C25H30O8： C, 65.49; H, 6.60. Found: C，65.14; H, 6.4. 
( 1 / ? , 2 S , 3 / ? , 4 5 , 5 5 ) - l - A z i d o - 3 - 0 - b e n z y l - 5 - b e n z y l o x y m e t h y I -
cyclohexane-2,3,4,5 tet raol 84. (a) F rom 64. To a solution of 64 (0.04 g, 
0..83 mmol) in MeOH (10 mL) was added K2CO3 (0.01 g). The solution was 
allowed to stir at rt for 1.5 h. Then the solvent was evaporated and Et20 (20 mL) was 
added. The aqueous phase was extracted with Et〗。(2 x 20 mL) and the combined 
organic phase was dried (MgSO4) and filtered. Concentration of the filtrate followed 
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by flash chromatography (EtzO—hexane 1:1) afforded 84 (0.29 g，88%) as a 
colourless syrup: TLC RfO.3 (hexane-Et20 2:3); [a]23j) -14.6° (c 1.03, CHCI3); IR 
(neat) 3450，2103 cm-1; i R NMR (250 MHz) 8 1.41 ( IH , t*，J= 13.3 Hz, Hax-7), 
2.03 ( I H , dd, y = 4.5, 14 Hz, Heq-7), 2.68 ( IH , br d ， 2 . 0 Hz, OH), 2.83 ( IH , s, 
OH)’ 2.88 ( I H , d, 7 = 3.08 Hz，OH)，3.42 (3H, m，H-6 overlapped with H-2), 3.54 
( I H , t * , J= 8.9 Hz, H-3), 3.63 ( IH , dd，7=2.8, 8.9 Hz, H-4), 3.74 ( IH , ddd, / = 
4.7，9.6, 12.4 Hz, H-1), 4.52 (2H, s, OCHzPh), 4.84 (2H, ABq, 7 = 11.5 Hz, 
0CH2Ph), 7.2-7.5 (lOH, m’ Ph) (*apparent splitting pattern); 13c NMR (D2O, 62.9 
MHz) 5 34.96，50.76, 66.58, 73.99，74.75, 75.12, 75.77; MS m/z (CI) 400 (M++1, 
1.56). Anal. Calcd for C21H25O5N3： C，63.15; H，6.31; N, 10.52. Found: C, 63.21; 
H，6.46; N，10.07. 
(b) F r o m 86. To a solution of 86 (0.053 g, 0.11 mmol) in MeOH (10 mL) 
was added K2CO3 (0.05 g) and allowed to stir at rt for 24 h. Then the solvent was 
removed under reduced pressure and Et20 (20 mL) was added. The aqueous phase 
was extracted with EtzO (2 x 20 mL) and the combined organic extracts were dried 
(MgS04)，filtered and the filtrate was concentrated. The crude product was purified by 
flash chromatography (Et20-hexane 1:1) to afford 84 (0.04 g’ 80%) as a colourless 
syrup. 
( l S , 2 / ? , 3 / ? , 4 S , 5 S ) - 2 , 4 - D i - 0 - a c e t y l - 3 - 0 - b e n z y I . 5 - b e n z y l o x y m e t h y M , 5 -
0,0 - s u I f o n y l -cyc Iohexane - l ,2 ,3 , 4 ,5 -pentao l 85. A solution of 81 (0.085 g, 
0.17 mmol), EtgN (0.059 g, 0.74 mmol) in CH2CI2 (25 mL) was cooled to 0 T . 
Then SOCI2 (0.03 g，0.28 mmol) was added and was stirred for several min. Then 
cold Et20 (50 mL) and cold water (25 mL) was added. The aqueous phase was 
extracted with EtsO (100 mL), dried (MgSO*) filtered and the filtrate concentrated. 
The crude product was pumped under vacuum for one h. 
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The residue was dissolved in CC14-CH3CN (1:1) (25 mL), and cooled to 0。(：• Then 
NaI04 (0.12 g，0.056 mmol), H2O (10 mL) and catalytic amount of RUCI3 H2O was 
added and the mixture was stirred vigorously. After one h, Et20 (50 mL) was added. 
The aqueous phase was extracted by Et20 (100 mL) and the combined organic phase 
was washed with brine，dried (MgS04) and filtered. Concentration of the filtrate 
followed by flash chromatography (hexane-EtzO 1:1) afforded 85 (0.077 g，80%) as 
a white solid: mp 147-148。C; TLC (hexane-EtzO 1:2); IR (neat) 1752 cm-1; 
I H NMR (250 MHz) 8 1.94 (3H, s，Ac), 2.06 (3H, s，Ac), 2.15 (IH，d,7= 16.5 Hz, 
Hax-7), 3.42 ( IH, dd, 7=4.8 , 16.4 Hz, Heq-7), 3.50 (2H, s, OCHzPh), 4.25 ( IH, 
t* , J = 9.4 Hz, H-3), 4.43 and 4.53 (2H, ABq, J = 11.6 Hz, OCHzPh)，4.64 and 
4.73 (2H，ABq，7= 11.6 Hz，OCH2Ph), 4.96 ( I H , dd，J = 2.1，9.5 Hz, H-2) , 5.11 
( IH , m，H-1), 5.38 ( IH ’ d’ / = 9.4 Hz, H-4), 7.1-7.5 (lOH，m, Ph) (*apparent 
splitting pattern); MS m/z (EI) 429 (M+-C7H7，5.46), 323 (M+-C7H7-C7H6O, 
39.08). Anal. Calcd for C25H28O10S : C，57.68; H，5.42. Found C, 57.36; H’ 5.36. 
(1及，2S ,3及，4S，5S)_ l -Az ido -2，4 -d i _<9 -a ce ty 1-3 - O-b e n z y l - 5 -
benzyloxymethyl-cyclohexane-2,3,4 ,5-tetraol 86. To a solution of 85 (0.1 
g, 0.21 mmol) in dry DMF (10 mL), LiNg (excess) was added and the solution was 
stirred for 6 h. The solvent was evaporated and the residue was dissolved in THF (10 
mL) and 20% 只2504(叫）(2 mL) was added. The mixture was stirred for 1 h and then 
quenched with saturated Na2C03(aq) solution (10 mL). The aqueous phase was 
extracted with EtzO (2 x 20 mL) and the combined phase was dried (MgS04)，filtered 
and the filtrate was concentrated. Flash chromatography of the crude product 
(Et2C>-hexane 3:1) afforded 8 6 (0.082 g’ 80%) as a white solid: mp 98-100。C: TLC 
R^ (hexane-Et20 1:1); [ a j ^ l o +14.0° (c 0.43, CHCI3); IR (neat) 3408, 2101，1740 
cm-1; IH NMR (250 MHz) 5 1.51 (IH, t*，J = 12.8 Hz, 7-Hax), 1.84 (3H, s，Ac)， 
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2.01 (3H, s, Ac), 2.12 ( IH , dd, J = 4.7, 14.0 Hz，Heq-7), 2.80 ( IH , s, OH), 3.27 
and 3.39 (2H，ABq, 7 = 9.1 Hz, H-6), 3.84 ( IH , ddt*, 7 = 4 . 7 , 10.2, 12.4 Hz, H - l ) , 
3.90 ( IH , t * , 7 = 9.7 Hz, H-3), 4.44 (2H, s, OCHaPh)，4.59 (2H, s, OCHsPh), 5.05 
(IH， t*, J =9.9 Hz, H-2)，5.05 ( IH , d, 7 = 9.8 Hz, H-4), 7.1-7.4 (lOH, m, Ph) 
(•apparent splitt ing pattern); MS m/z (CI) 484 (M++1, 16.0). Anal. Calcd for 
C25H29O7N3： C, 62.10; H，6.05; N, 8.69. Found: C, 61.99; H, 6.00; N, 8.41. 
( 1 / ? , 2 S , 3S , 4 S , 5 5 ) - l . A z i d o - 4 , 5 - d i - O -acety 1 - 3 - 0 - b e n z y l - 5 -
b e n z y I o x y i n e t h y l - 2 - 0 - t r i f l u o r o i n e t h a n e s u l f o n y l - c y c l o h e x a n e - 2 , 3 , 4 , 5 -
tetraol 87. To a solution of 64 (0.0578 g，0.12 mmol) in dry CH2CI2 (10 mL) atO 
°C was added Tf〗。(0.2 mL，1.22 mmol) and pyridine (0.2 mL, 2.44 mmol). The 
mixture was stirred for 1 h and was quenched with H2O (10 mL) and washed with 
brine (2 x 10 mL), dried (MgS04)，filtered and the filtrate concentrated. Flash 
chromatography of the crude (hexane—EtzO 2:1) afforded 91 (0.058 g, 78%) as a 
colourless syrup: TLC Rf0.51 (hexane - Et20 1:1); [a]^^ -20.0° (c 0.55，CHCI3); IR 
(neat) 2111，1747.1 cm-1; 1H NMR (250 MHz) 8 1.82 (3H, s，Ac), 1.82 ( IH, t*, J = 
12.8 Hz, Hax-7), 2.15 (3H, s, Ac)，3.12 ( IH , dd, J = 4.9, 14.8 Hz, Heq-7), 3.61 
and 3.95 (2H，ABq, 7 = 9 . 0 Hz, H-6), 3.67 ( IH , ddd，7=4.8, 10.1，12.8 Hz, H-1), 
3.95 ( IH , t* , 7 = 9 . 8 Hz, H-3), 4.35 and 4.43 (2H, ABq, / = 11.5 Hz, OCHaPh)， 
4.59 and 4.84 (2H, ABq, / = 10.8 Hz, OCHzPh)，4.66 ( IH, t*，J 二 9.8 Hz, H-2), 
5.28 ( I H , d, 7 = 10.0 Hz, H-4)，7.25-7.40 (lOH, m, Ph) (*apparent splitting 
pattern). 
3 /? , 4S , 5 S ) - 1 - A z i d o - 2 , 4 , 5 - t r i a c e t y I - 3 - 0 . b e n z y l - 5 . 
b e n z y l o x y m e t h y I - c y c l o h e x a n e - 2 , 3 , 4 , 5 - t e t r a o l 8 8 . To a solution of 8 9 
(0.058 g’ 0.094 mmol) in dry THF (7 mL) was added Bu"4N0Ac (excess) and the 
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solution was stirred for 1 h at rt. The solvent was evaporated and purification of the 
residue by flash chromatography (hexane-EtzO 2:1) afforded 88 (0.047 g，95%) as a 
colourless syrup: TLC RfOAO (hexane -EtzO 1:1); [a]29j) -61.5" (c 0.65, CHCI3); IR 
(neat) 2102.9, 1747 cm-1; i R NMR (250 MHz) 8 1.93 (3H, s, Ac), 2.05 (3H, s, 
Ac), 2.18 (3H, s, Ac)，2.18 (IH, t*，J = 12.3 Hz, Hax-7), 2.84 (IH, ddd, 7= 1.5, 
4.3, 14.1 Hz, Heq-7), 3.44 ( IH , ddd, J = 2.8, 4.3, 13.0 Hz, H-1), 3.70 and 3.98 
(2H, ABq’ 7 = 9 . 1 Hz, H-6), 3.73 ( IH , dd, J = 3.0, 10.2 Hz, H-3), 4.40 and 4.47 
(2H, ABq, J = 11.7 Hz, OCHzPh)，4.42 and 4.71 (2H, ABq, J = 11.8 Hz, 
OCH2Ph)，5.40 ( IH , d, 7 = 10.2 Hz, H-4), 5.75 ( IH , br s, H-2), 7.33 (lOH, m，Ph) 
(*apparent splitting pattern); MS m/z (EI) 328 (M+-C7H7-C7H6O, 25.16), 91 (100). 
Anal. Calcd for C27H31O8N3： C, 61.71; H, 5.95; N，8.00. Found: C，61.88; H, 6.08; 
N，7.73. 
( 1 1 ? , 2 J ? , 3 / ? , 4 S , 5 5 ) - 1 - A z i d o - 3 - 0 - b e n z y l - 5 - b e n z y l o x y n i e t h y l -
cycIohexane-2,3,4,5 tetraol 89. To a solution of 88 (0.052 g, 0.1 mmol) in 
MeOH (10 mL) was added K2CO3 (0.05 g). The solution was allowed to stir at rt for 
1.5 h. and the solvent was removed under reduced pressure. The residue was 
dissolved in Et〗。(20 mL), washed with brine, dried (MgS04) and filtered. 
Concentrated of the filtrate followed by flash chromatography (Et20-hexane 1:1) 
afforded 89 (0.032 g，80%) as a white solid: mp 100-102。C; TLC Rf 0.29 
(hexane-Et20 1:1); -47.9° (c 2.17’ CHCI3); IR (neat) 3492, 3415, 3344, 
2104.2 cm-1; I H NMR (250 MHz) 5 1.88 (IH，dd, J = 4.4，13.3 Hz, Hax-7), 2.07 
( IH , t*，J= 12.9 Hz, Heq-7), 2.48 (IH，br s, OH), 2.80 ( IH, br s, OH), 2.85 ( IH, 
br d , 7 = 2.5 Hz, OH), 3.44 and 3.49 (2H，ABq, J = 9.2 Hz, H-6) , 3.49 ( I H , dd, J = 
2.5 Hz, 10.6，H-3), 3.58 (IH，ddd, J = 2.4，4.4，12.3 Hz’ H-1), 3.93 ( IH, dd, J = 
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2.0，9.2 Hz, H-4)’ 4.20 ( IH , br s, H-2)，4.53 (2H，s, OCHzPh), 4.63 and 4.69 (2H, 
ABq, J = 11.7 Hz, OCHzPh)，7.20-7.40 (lOH, m，Ph) (*apparent splitting pattern); 
MS m/z (CI) 400 (M++1，3.19). Anal. Calcd for C21H25O5N3. C, 63.15; H，6.31; N, 
10.52. Found: C’ 63.10; H，6.36; N，10.37. 
(11?, 4S , 5 5 ) - 2 - A z i d o - 4 , 5 - d i - O - a c e t y l - 3 - 0 - b e n z y l - 5 . 
benyloxyinethyl -cyclohexane- l ,3,4,5- tet raol 90. To a solution of 68 (0.19 
g, 0.37 mmol) in dry DMF (20 mL) was added LiNg (0.16 g, 2.42 mmol) and the 
solution was stirred for 6 h. The solvent was evaporated and the residue was 
dissolved in THF (20 mL). Then 20% H2S04(叫）(2.5 mL) was added and the 
mixture was allowed to stir at it. After 1 h，saturated Na2C03(aq) solution (20 mL) 
was added and the aqueous phase was extracted with Et20 (2 x 10 mL). The 
combined extracts were dried (MgS04)，filtered and concentrated. Flash 
chromatography of the residue (Et20-hexane 1:1) afforded 90 (0.13 g，73%) as a 
colourless syrup: TLC /?y0.53 (hexane-Et20 1:2); [ a p D -62.6° (c 0.91，CHGI3); IR 
(neat) 3450, 2106，1744 cm-1; ^H NMR (250 MHz) 5 1.64 ( IH, dd, J= 11.7，14.4 
Hz, 7-Hax), 1.79 (3H，s，Ac), 1.99 (3H, s, Ac)，2.29 ( IH, br s，OH), 2.88 ( IH, dd, 
7 = 4 . 6 Hz, 14.0，Heq-7)，3.35 (IH，t*，J = 9.6 Hz，H-3), 3.40-3.55 ( IH, m, H-1), 
3.57 and 3.85 (2H’ ABq, J = 9.0 Hz, H-6)’ 3.64 ( IH, t*，J = 9.7 Hz, H-2), 4.28 and 
4.36 (2H，ABq’ J : 11.6 Hz, OCHsPh), 4.58 and 4.75 (2H, ABq, J = 10.9 Hz, 
0CH2Ph) , 5.20 ( IH ’ d’ / = 9.8 Hz’ H-4), 7.1-7.34 (lOH, m, Ph) (*apparent 
splitting pattern); MS m/z (EI) 377(M+-C7H60，1.22), 91 (100). Anal. Calcd for 
C25H29O7N3： C，62.10; H，6.05; N，8.69. Found: C，61.93; H, 5.81; N, 8.46. 
(IR，2S, 3R , 4 S , 5 S ) - 4 , 5 - D i - 0 - a c e t y I - 3 - 0 - b e n z y l - 5 - b e n z y l o x y n i e t h y I . l . 
0-trifluoroinethanesulfonyI-cyclohexane-l,2,3,4,5-pentaol 91. To a 
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solution of 62 (0.0941 g, 0.21 mmol) in dry CH2CI2 (10 mL) at 0。C was added TfaO 
(37 mL, 0.23 mmol) and pyridine (0.033 mL, 0.41 mmol). The mixture was 
quenched with H2O (1 mL) and washed with brine (2 x 10 mL), dried (MgS04) 
filtered and the filtrate concentrated. Flash chromatography (hexane — EtzO 2:1) of the 
crude product afforded 91 (0.1155 g，93%) as white crystals: mp 100-101 °C; TLC 
Rf033 (hexane-Et20 3:2); [a]25j) 一 19.1。(c 0.47，CHCI3); IR (neat) 3423，1728 cnr 
1; I H NMR (250 MHz) 5 1.94 (3H, s，Ac)，2.07 (3H, s，Ac), 2.59 ( IH, dd, 7 = 
12.8，13.4 Hz, Hax-7), 2.89 (IH，dd, / = 4.4, 14.7 Hz, 7-Heq)’ 3.66 and 3.97 (2H, 
ABq, 7 = 9.1 Hz，H-6), 3.74 ( IH, dd, J = 2.7, 9.9 Hz，H-3), 4.37 and 4.46 (2H, 
ABq, J = 11.7 Hz, OCHjPh), 4.59 and 4.67 (2H，ABq, J = 11.7 Hz, 0CH2Ph), 
24.89 ( IH , ddd, J= 2.8, 4.3，12.4 Hz, H-1)’ 5.50 ( IH, d, J = 9.9 Hz, H-4), 
7.2-7.4 (lOH，m, Ph) (H-2 overlapped with peaks at 4.30-4.46). 
( I I ? , 2 5 , 3 / ? , 4 S , 5 5 ) . 2 - A z i d o - l , 4 , 5 - t r i - 0 - a c e t y I - 3 - 0 . b e n z y I - 5 . 
b e n z y l o x y i n e t h y l - c y c l o h e x a n e - l , 3 , 4 , 5 - t e t r a o l 92. To a solution of 9 0 
(0.031 g，0.064 mmol) in dry CH2CI2 (5 mL) was added AC2O (9.1 ^iL, 0.096 
mmol), Et3N (20.9 ^iL, 0.19 mmol) and catalytic amount of DMAP. The mixture was 
stirred for 1 h and then quenched with saturated NH4Cl(aq) (1 mL), washed with brine 
(2 X 10 mL), dried (MgS04)’ filtered, and the filtrate concentrated. Flash 
chromatography of the crude product (hexane-Et20 1:1) afforded 92 (0.029 g, 86%) 
as a white amorphous solidiTLC Rf 0.56 (Et20-hexane 2:1); ^H NMR (250 MHz) 5 
1.75 (IH, dd, J = 12.3，14.2 Hz, 7-Hax), 1.89 (3H, s’ Ac), 2.07 (3H, s, Ac), 2.10 
(3H，s, Ac)’ 2.96 (IH, dd, J =4.8,14.3 Hz, Heq-7), 3.58 (IH, t*, J = 9.9 Hz, H-2), 
3.59 and 3.98 (2H，ABq, J 二 8.9 Hz, H-6), 3.71 (IH, t*, J = 9.8 Hz, H-3), 4.34 and 
4.42 (2H，ABq, 7 = 11.5 Hz，OCHzPh)，4.63 and 4.84 (2H, ABq, / = 11.0 Hz, 
0CH2Ph)，4.86 (IH, ddd’ J = 4.7，10.0，12.1 Hz, H-1), 5.30 (IH, d, 7 = 9.7 Hz, 
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H-1), 7.1-7.4 (lOH, m, Ph) (*apparent splitting pattern). 
( 1 1 J , 2 S , 3 1 ? , 4 5 , 5 5 ) - 2 - A z i d o - 3 - 0 - b e n z y I - 5 - b e n z y l o x y m e t h y l -
cyclohexane-1,3,4,5-tetraol 93. To a solution of 90 (0.47 g, 0.97 mmol) in 
MeOH (20 mL) was added K2CO3 (0.1 g). The solution was allowed to stir at rt for 
1.5 h. Then the solvent was evaporated and Et20 (20 mL) was added. The aqueous 
phase was extracted with Et20 (2 x 20 mL) and the combined organic extracts were 
dried (MgSO4), filtered and the filtrate concentrated. The crude product was purified 
by flash chromatography (EtzO—hexane 1:1) to afford 93 (0.38 g, 100%) as a white 
solid: mp 100-101 T ; TLC Rf 0.28 (hexane-EtsO 1:2); [a]25D 一79.1。(c 0.86， 
CHCI3); IR (neat) 3400, 2100 cm-1; iR NMR (250 MHz) 8 1.47 ( IH, t*, J= 12.3 
Hz, Hax-7)，2.06 (IH，dd, J = 4.8, 13.9 Hz, Heq-7), 2.50 ( IH, br s, OH), 2.81 
( IH, br s, OH), 2.89 ( IH, br d，7= 3.1 Hz, OH), 3.25 ( IH, t*, J = 9.8 Hz, H-3), 
3.42 (2H, s, H-6), 3.52 ( IH, t*, 7 = 9 . 4 Hz, H-2), 3.68 ( IH, dd, J = 2.6’ 9.1 Hz, 
H-4), 3.65-3.85 ( IH, m，H-1), 4.51 (2H, s，OCHsPh)，4.79 and 4.88 (2H, ABq, J 
=10.9 Hz, 0CH2Ph), 7.2-7.5 (lOH，m，Ph) (*apparent splitting pattern); MS m/z 
( E I ) 3 0 8 . 1 (M+-C7H7, 1.03)，217.1 ( M + - 2 C 7 H 7，0 . 1 4 ) , 2 0 2 ( M + - C 7 H 7 - C 7 H 6 O , 
0.44), 91 (100). Anal. Calcd for C21H25O5N3： C, 63.15, H，6.31, N, 10.52. Found: 
C，63.3; H，6.15; N，10.43. 
(1 及,25,3及 , 4S , 5 5 ) - 2 - A i i i i n o - 5 - h y d r o x y l m e t h y I - c y c I o h e x a n e - l , 3 , 4 , 5 -
tetraol 94. To a solution of 93 (0.0538 g，0.135 mmol) in EtOH (15 mL) was added 
20% Pd(0H)2 on charcoal (0.4 g) and H2 was bubbled through the mixture under 
stirring until no UV active species was shown by TLC. The solution was filtered 
through a pad of Celite and filtrate concentrated. Flash column chromatography of the 
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crude product (CHCI3—MeOH—NH3(aq) 9:8:3). The product was further purified by 
Amberlite CG-50 (NH4+) to afford 94 (0.018 g, 70%) as a white amorphous solid: 
TLC RfOA3 (CHCl3-MeOH-NH3(aq) 9:8:3); [a l ^ lp 一 8 . 4 7 ° (c 0.59, H2O); IR (neat) 
3333.3 cm-1; i H NMR (250 MHz, D2O) 8 1.60 ( IH, t* ’ J = 12.4，13.0 Hz，Hax-7), 
2.06 ( IH, dd, J = 4.6, 13.7 Hz, Heq-7), 2.89 ( IH, J = 10.4 Hz, H-2), 3.47 ( IH, d, 
7=9 .37 Hz, H-4), 3.47 and 3.56 (2H, ABq, 7 = 11.5 Hz, H-6), 3.68 ( IH, t*, J = 
9.9 Hz, H-3), 3.87 ( IH, dt*，J= 4.7, 0.7 Hz, H-1) (*apparent splitting pattern); 13C 
NMR (D2O, 62.9 MHz, dioxane at 67.39 ppm) 5 38.66, 60.19’ 66.37, 66.70’ 71.59, 
74.14’ 74.36; MS m/z (CI) 194 (M++1’ 100). Anal. Calcd for C7H17O6N.O.2H2O: 
C，42.72; H, 7.89; N，7.12. Found: C，42.74; H, 7.92; N, 6.83. 
( l J fJ ,25 ,3 /? ,4S,55 ) -2 ,4 ,5 -Tr i -0 -acety l -3 -0 -benzy l -5 -benzy loxymethy I -
l -0- t r i f luoro inethanesul fonyl -cyc lohexane- l ,2,3,4,5-pentaol 96. To a 
solution of 91 (0.116 g，0.20 mmol) in dry CH2CI2 (8 mL) was added AC2O (92.8 
mL, 0.98 mmol), pyridine (95.1 mL, 1.18 mmol) and catalytic amount of DMAP. 
The mixture was stirred for 1/2 h and quenched with H2O (1 mL)，washed with brine 
(2 X 10 mL), dried (MgSO*) filtered and the filtrate was concentrated. Flash 
chromatography purification of the crude product (hexane-Et20 2:1) afforded 96 
(0.11 g，90%) as a colourless syrup: TLC (hexane~Et20 1:1); IR (neat) 1754 
cm-1; IH NMR (250 MHz) 8 1.95 (3H，s，Ac)，2.05 (3H, s，Ac)，2.17 (3H, s, Ac), 
2.47 ( I H , dd’ J= 12.6, 13.7 Hz，Hax-7), 2.96 ( I H , ddd，J = 0.59, 4.6, 13.8 Hz, 7-
Heq)，3.66 and 3.99 (2H, ABq, J = 9.2 Hz, H-6), 3.78 ( IH, dd, J = 3.0，10.1 Hz, 
H-3), 4.40 and 4.48 (2H, ABq, J : 12.0 Hz, OCHsPh)，4.43 and 4.71 (2H, ABq, J 
=11.7 Hz, OCH2Ph), 4.94 (IH, ddd, J = 3.1, 4.5, 12.6 Hz, H-1)，5.45 ( IH, d, J : 
10.1 Hz, H-4), 5.85-5.92 ( IH, m，H-2), 7.2-7.4 (lOH, m, Ph). 
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( 1 5 , 2 / ? , 3 / ? , 4 S , 5 5 ) - l - A z i d o - 2 , 4 , 5 - t r i a c e t y l - 3 - 0 - b e n z y l - S -
benzyloxymethyl-cyclohexane-2，3，4，5-tetraol 97. (a) F r o m 96. To a 
solution of 96 (0.11 g, 0.17 mmol) in dry DMF (5 mL) was added NaNg (0.023 g, 
0.34 mmol) and benzo 15-crown-5 (0.1 g，0.38 mmol). The mixture was allowed to 
be stirred overnight. The solvent was evaporated and the crude product was purified 
by flash chromatography (hexane-EtzO 2:1) to afford 97 (0.07 g, 80%) as a 
colourless syrup: TLC Rf035 (hexane-Et20 3:2); -5.0° (c 1.00, CHCI3); IR 
(neat) 2108, 1744.1 cm-1; iR NMR (250 MHz) 5 1.94 (3H, s, Ac), 1.96 (3H, s, 
Ac)，1.98 (3H, s, Ac)，2.15-2.50 (2H，m，7-H), 3.60-3.80 ( IH , m, H-1), 3.74 and 
3.97 (2H，ABq, J= 10.0 Hz, H-6) , 3.88 ( I H , dd, J =3.4, 6.6 Hz, H-3) , 4.32 and 
4.45 (2H，ABq, J = 11.9 Hz, OCHsPh), 4.50 (2H，s, OCHaPh)，5.04 ( IH, dd, J = 
3 . 3 , 1 2 Hz，H-2), 5.61 ( IH, d, 7 = 6.6 Hz, H-4), 7.10-7.40 (lOH, m, Ph); MS m/z 
(EI) 434 (M+-C7H7, 0.4)’ 328 (M+-C7H7-C7H6O，7.1). Anal. Calcd for 
C27H31O8N3: C, 61.71; H, 5.95. Found: C，62.69; H，6.09. 
(b) From 67. To a solution of 67 (0.1 g) in dry CH2CI2 (1 mL) was added 
excess AC2O，Et^N and catalytic amount of DMAP. The mixture was stirred for 1 hat 
rt. The reaction mixture was quenched with H2O (1 mL) and washed with brine (2 x 
10 mL), dried (MgSO*) filtered and the filtrate was concentrated. Flash 
chromatography purification of the crude product (hexane-EtzO 1:1) afforded 97 as a 
colourless syrup. 
( l S , 2 / ? , 3 / ? , 4 S , 5 S ) - l - A z i d o - 3 - 0 - b e n z y l - S - b e n z y l o x y m e t h y l -
cydohexane .2 , 3 ,4 , 5 - te t rao l 99. a) F rom 97. To solution of 97 (0.06 g， 
0.11 mmol) in MeOH (5 mL) was added K2CO3 (0.01 g). The solution was allowed 
to stir at rt for 1.5 h. Then the solvent was evaporated and Ei iO (20 mL) was added. 
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The aqueous phase was extracted with Et〗。(2 x 20 mL) and the combined organic 
phase was dried (MgS04) and filtered. Concentrated of the filtrate followed by flash 
chromatography (Et20-hexane 2:1) afforded 99 (0.033 g, 72%) as a colourless syrup: 
TLC RfO.ie (hexane~Et20 1:1); [a]26j3 +29.1。(c 1.8, CHCI3); IR (neat) 3445.7, 
2106 cm-1; I H NMR (250 MHz) 5 1.84 ( IH, dd, J = 6.5, 14.5 Hz, Hax-7), 2.03 
( IH, dd，/ = 4.4，14.5 Hz, Heq-7), 2.56 ( IH, br d, 7=3 .7 Hz, OH), 2.80 (IH, br s, 
OH), 3.02 ( IH, br s, OH), 3.51 (2H, s, H-6), 3.71 ( IH, dd, J = 6.2, 10.6 Hz, H-1), 
3.83 ( IH, dd, J = 3.2, 7.0 Hz, H-3), 3.85—4.0 (2H, m，H-4 and H-2), 4.48 and 4.55 
(2H, ABq, / = 12 Hz, OCHaPh)，4.60 and 4.69 (2H，ABq, J = 11.5 Hz, 0CH2Ph), 
7.1-7.4 (lOH, m, Ph); MS m/z (CI) 400 (M++1’ 1.91). Anal. Calcd for C21H25O5N3. 
C，63.15; H, 6.31; N，10.52. Found: C，63.37; H, 6.32; N, 10.05. 
(b) From 67. To solution of 67 (0.021 g，0.043 mmol) in MeOH (5 mL) 
was added K2CO3 (0.005 g). The solution was allowed to stir at i t for 3 h. Then the 
solvent was evaporated and Et20 (10 mL) was added. The aqueous phase was 
extracted with Et20 (2 x 20 mL) and the combined organic phase was dried (MgS04), 
filtered, concentrated followed by flash chromatography (Et20-hexane 2:1) afforded 
99 (0.015 g，80%) as a colourless syrup. 
( l / ? ,2S ,3 /? ,4S,55 ) -2 ,4 ,5 -Tr i .O-ace ty l -3 -0 -benzy I -5 -benzy loxyn ie thy l -
cyclohe細e-l，2，3，4，5-pentaol 100. To a solution of 68 (0.053 g, 0.01 mmol) 
in 5 mL dry DMF (10 mL) was added BUDANOAC (0.02 g，0.05 mmol) and the 
solution was stirred at rt for 6 h. The solvent was evaporated and the residue was 
dissolved in THF (10 mL) and 10% H2S04(aq) (5 mL) was added. The mixture was 
stirred for 2 h at and then of saturated Na2C03(aq) (1 mL ) solution was added. The 
aqueous phase was extracted with EtzO (10 mL x 2) and the combined organic layer 
was dried (MgS04)，filtered and the filtrate was concentrated. The crude product was 
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purified by flash chromatography (hexane-EtzO 1:2) to furnish 100 (0.043 g, 85%) 
as a colourless syrup: TLC R f 0.24 (hexane-^20 1:2); [ a j ^ l ^ 一 10.5。(c 0.38, 
CHCI3); IR (neat) 3500 and 1745 cm-1; iR NMR (250 MHz) 5 1.73 ( IH, dd, / = 
12.1，14.5 Hz, Hax-7), 1.89 (3H, s，Ac), 2.02 (3H，s, Ac), 2.10 (3H, s, Ac), 2.99 
(IH，dd, J = 4.8’ 14.5 Hz, Heq-7), 3.67 and 3.95 (2H, ABq, J = 9.0 Hz, H-6), 3.75 
( I H , ddd, J = 4.5, 9.4，12.1 Hz , H-1 ) , 3.85 ( I H , t*，J = 9.8 Hz, H-3) , 4.37 and 
4.44 (2H, ABq, 7 = 11.5 Hz, OCHaPh)，4.64 (2H, s, OCHsPh)，4.96 ( IH, t*, 7 = 
9.6 Hz, H-2), 5.29 (IH，d’ / = 10.0 Hz, H-4), 7.1-7.4 (lOH, m, Ph) (*apparent 
splitting pattern); MS m/z (EI) 409(M+ -C7H7), 303 (M+-C7H7-C7H6O, 100). 
Anal. Calcd for C27H32O9： C, 64.79; H，6.44. Found: C，64.60; H, 6.47. 
( l S , 2 5 , 3 / ? , 4 S , 5 S ) - l , 2 , 4 - T r i - 0 - a c e t y I - 3 - 0 - b e n z y l - 5 - b e n z y I o x y m e t h y I -
cyclohexane-l，2，3，4，5-pentaol 102. (a) F r o m 103. To a solution of 103 
(0.026 g) in DMF (2 mL) was added excess NaNg and benzo 15-crown-5. The 
solution was heated to 100 °C for 1 d with stirring under N?. After cooling, the 
solvent was removed under reduced pressure and the crude product was purified by 
flash chromatography (hexane-Et20 1:2) to afford 102 (0.023 g, 80%) as a colourless 
syrup: TLC Rf 0.39 (hexane-EtzO 1:2); [ a j l ^ j ^ +20.0 (c 1.2, CHCI3); IR (neat) 
3450，1744 cm-1; iR NMR (250 MHz) 6 1.92 (3H，s，Ac), 1.96 (3H, s，Ac), 2.12 
(3H，s，Ac)，3.25 and 3.32 (2H，ABq，7=9.1 Hz’ H-6), 4.15 ( IH, t*, J = 9.8 Hz, 
H-3), 4.42 and 4.48 (2H，ABq, 7 = 11.6 Hz, OCHaPh)，4.62 and 4.72 (2H, ABq, J 
=11.6 Hz, 0CH2Ph), 4.96 ( IH, dd, 7 = 3.4, 10.0 Hz, H-2), 5.18 ( IH, d, 7 = 9.6 
Hz，H-4), 5.43 (IH，q*, J = 3.4 Hz, H-1), 7.1-7.4 (lOH, m，Ph), (Hax-7 and Heq-7 
overlapped with Acs) (*apparent splitting pattern); MS m/z (EI) 393 (M+-C7H7O), 
303 (M+-C7H7-C7H6O). 
(b) F rom 66. To a solution of 66 in MeOH was added K2CO3 and the 
74 
resulting solution was allowed to stir at rt for 2 h. The reaction mixture was diluted 
with Et20, washed with brine, dried (MgSO*), filtered and the filtrate concentrated. 
The residue was dissolved in CH2CI2 and AC2O，pyridine and catalytic amount of 
DMAP was added and the reaction mixture was allowed to stir at rt for 1 h. Then 
water and Et20 was added and the solution was washed with brine’ dried (MgS04)， 
filtered and the filtrate was concentrated. The crude product was purified by flash 
chromatography with (ElOAc-Hexane 1:5) to give 102 as a colourless syrup. 
( l i ? ,2 /? ,3 iR ,45 ,55) -2 ,4 ,5 -Tr i .O-ace ty I -3 -0 -benzy l -5 -benzy loxyn ie thy I -
l -0-methanesul fonate-cyciohexane- l ,2,3,4,5-pentaol 103. To a solution 
of 100 (0.033 g, 0.066 mmol) in pyridine (1 mL) under N ! at 0。C was added MsCl 
(0.26 mmol). The reaction mixture was stirred for 10 min and quenched with H2O (10 
mL). Then Et〗。(10 mL) was added and the mixture was washed with brine (2 x 10 
mL)，dried (MgS04)’ filtered and the filtrate concentrated. Flash chromatography 
(hexane-Et20 1:2) of the crude product afforded 103 (0.031 g, 80%) as a colourless 
syrup: TLC 0.34 (hexane-Et20 1:2); -4.35" (c 1.15，CHCI3); IR (neat) 
1746 cm-1; IH NMR (250 MHz) 5 1.90 (3H，s，Ac)，2.00 (3H，s，Ac), 2.13 (3H，s， 
Ac)，2.97 (3H，s’ CH3SO2), 3.12 (IH，dd, 7=5.0 , 14.3 Hz, Heq-7), 3.61 and 3.98 
(2H，ABq, 7 = 9.0 Hz, H-6), 3.89 (IH，t*，7 = 9.8 Hz，H-3), 4.37 and 4.44 (2H, 
ABq, 7 = 11.6 Hz，0CH2Ph)，4.62 (2H, s，OCHsPh)，4.6—4.7 (IH，m，H-1)，5.23 
(IH，t*, J = 9.7 Hz, H-2), 5.32 (IH，d, 7 = 10.0 Hz，H-4), 7.1-7.4 (lOH’ m，Ph), 
(Hax-7 overlapped with Ac) (*apparent splitting pattern); MS m/z (EI) 487 
(M+-C7H7, 0.16). 381 (M+-C7H7-C7H6O, 24.94). 
( 1 5 , 2 / ? , 3 S , 4 5 , 5 5 ) - l - A z i d o - 4 , 5 - d i - O -a ce ty 1 -3 - 0 - b e n z y l - 5 -
b e n z y l o x y i n e t h y l - 2 . 0 - t r i f l u o r o m e t h a n e s u l f o n y I - c y c l o h e x a n e - 2 , 3 , 4 , 5 -
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tetraol 105. To a solution of 67 (0.105 g，0.22 mmol) in dry CH2CI2 (10 mL) at 
under N2 0 "C was added TfzO (0.18 mL, 1.08 mmol) and pyridine (0.18 mL, 2.17 
mmol). The mixture was stirred for 10 min and quenched with H2O (10 mL). Et20 
(100 mL) was added and the organic phase was washed with brine (2 x 10 mL), dried 
(MgS04), filtered and the filtrate concentrated. Flash chromatography of the crude 
(hexane~Et20 2:1) afforded 105 (0.12 g, 90%) as a colourless syrup: TLC RfOAO 
(hexane-Et20 3:2); [ a ] ^ ^ +11.0° (c 1.0, CHCI3); IR (neat) 2113.5, 1746.5 cm-l; 
I H NMR (250 MHz) 5 2.00 (3H, s, Ac), 2.03 (3H, s, Ac), 2.26 ( IH, dd, J = 8.5, 
14.7 Hz, Hax-7), 2.59 (IH，dd，J= 4.5，14.2 Hz, Heq-7), 3.7-3.9 ( IH, m, H-1), 
3.82 and 4.00 (2H，ABq, J = 10.3 Hz，H-6)，4.04 ( IH, dd, J = 3.3, 6.0 Hz, H-3), 
4.33 and 4.51 (2H，ABq, / = 12.0 Hz，0CH2Ph), 4.64 (2H，s, OCHsPh)，4.82 ( IH, 
dd ,7=3 .3 , 8.1 Hz，H-2)，5.73 (1H ,7= 5.9 Hz, H-4), 7.1-7.5 (lOH，m, Ph). 
( 1 5 , 2 5 , 3 / ? , 4 5 , 5 5 ) - l . A z i d o - 2 , 4 , 5 - t r i . O - a c e t y I - 3 - 0 - b e n z y I - 5 -
benzyloxynlethyl-cyclohexane-2,3,4,5-tet^aoI 106. To a solution of 105 
(0.098 g, 0.16 mmol) in dry THF (20 mL) was added BUDANOAC (0.14 g, 0.048 
mmol) and the solution was stirred for 1 h at rt. The solvent was removed under 
reduced pressure and the residue purified by flash chromatography (hexane—Et20 2:1) 
to afford 106 (0.067 g，80%) as a colourless syrup: TLC RfOM (hexane-Et20 1:1); 
[a]25j^ -14.0" (c 1.5，CHCI3); IR (neat) 2102.6，1743.9 cm-l; iR NMR (250 MHz) 
8 1.91 (3H, s，Ac), 1.95 ( IH, dd，7=3.7, 16.3 Hz, Hax-7), 2.04 (3H, s, Ac), 2.09 
(3H，s, Ac)，3.04 ( IH, dd, J =3.3. 15.9 Hz, Heq-7), 3.44 and 3.98 (2H, ABq, J = 
8.8 Hz, H-6), 4.13 ( IH, t*，7= 9.8 Hz, H-3)，4.1-4.2 (IH, m，H-1), 4.35 and 4.44 
(2H, ABq， / = 11.6 Hz，OCHsPh)，4.66 and 4.73 (2H, ABq, J = 11.7 Hz, 
OCH2Ph)，5.03 ( IH, dd，J = 4.1，9.8 Hz, H-2), 5.29 ( IH, d，/ = 9.7 Hz, H-4), 
7 . 1 - 7 . 4 ( lOH，m, Ph) (*apparent splitting pattern); MS m/z (EI) 328 
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(M+-C7H7-C7H6O, 43.49). Anal. Calcd for C27H31O8N3： C, 61.71; H, 5.95; N, 
8.00. Found: C, 61.61; H, 5.98; N，7.92. 
( 1 5 , 2 5 , 3 / ? , 4 5 , 5 5 ) - l - A z i d o - 3 - 0 - b e n z y l - 5 - b e n z y l o x y m e t h y “ 
cyclohexane-2,3，4，5-tetraol 107. To a solution of 106 (0.081 g, 0.16 mmol) 
in MeOH (10 mL) was added K2CO3 (0.058 g). The solution was allowed to stir at rt 
for 2 h and the solvent was evaporated. The residue was dissolved in Et20 (20 mL), 
washed with brine, dried (MgS04)’ filtered and the filtrate concentrated. The residue 
was purified by flash chromatography (EtzO-hexane 1:1) to afford 107 (0.056 g, 
91%) as a colourless syrup : TLC RfQ.VJ (hexane-EtzO 1:1); [apS^ +12.7。(c 2.6, 
CHCI3); IR (neat) 3420，2114 cm-1; i H NMR (250 MHz) 8 1.79 ( IH, dd, 7 = 3 . 8 , 
15.2 Hz, Hax-7), 1.94 (IH，dd, J = 4.6, 15.2 Hz，Heq-7), 2.68 (IH，br d, J= 5.8 
Hz, OH), 2.78 ( IH , br s, OH), 3.22 ( IH, s, OH), 3.25 and 3.44 (2H, ABq, J = 9.2 
Hz, H-6)，3.6-3.8 (3H，m, H-2, H-3 and H-4), 3.90 (IH，q*，J = 3.6 Hz, H-1), 
4.45 (2H, s, OCH2Ph)’ 4.65 and 4.90 (2H，ABq, 7 = 11.2 Hz, OCHzPh), 7.1-7.4 
(lOH, m, Ph) (*apparent splitting pattern); MS m/z (EI) 308 (M+-C7H7, 1.38). Anal. 
Calcd for C21H25O5N3. C, 63.15; H，6.31; N，10.52. Found: C, 62.90; H, 6.37; N, 
10.26. 
( l l ? , 2S ,3 /? ,45 ,5S ) - l -A^ -Ace t y l - 2 ,3 ,4 - t r i . 0 . ace t y l - 5 -ace t y l oxy l n i e thy l -
cyclohexane-2,3,4,5-tetraol . To a solution of 25 (20 mg) in pyridine (2 mL) 
was added AC2O (0.5 mL) and catalytic amount of DMAP. The reaction mixture was 
allowed to stir at rt overnight and the solvent was removed under reduced pressure. 
The crude product was purified by flash chromatography with 5% MeOH in 
chloroform to afford 25 //,0-pentaacetate (33.4 mg, 80 %) as a white solid: mp 
231-232 TLC Rf 0.26 (5% MeOH in chloroform); [ a l ^ l j ) -14.2° {c 2.32, 
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CHCI3); IR (neat) 3386’ 3274，1731，1660 cm-1; iR NMR (270 MHz) 8 1.58 ( IH, 
t*，J = 13.0, Hax-7), 1.91 (3H, s, Ac), 1.97 (3H, s, Ac), 2.03 (3H, s, Ac), 2.05 
(6H，s，2 X Ac)，2.25 ( IH, dd, 7=4.6 , 14.3 Hz，Heq-7), 3.65 ( IH, br s, OH), 3.79 
and 4.01 (2H，ABq, J = 11.1 Hz, H-6), 4.4^4.6 ( IH, m，H-1), 4.93 ( IH, t*, 7=9 .7 
Hz，H-2), 5.05 (IH, d, 7 = 10.0 Hz，H-4), 5.53 (IH, t*，7= 10.0 Hz, H-3), 5.89 
(IH，br s, NHAc) (*apparent splitting pattern); MS m/z (CI) 404 (M++1, 22.07 )• 
Anal. Calcd for C17H25O10N: C, 50.62; H, 6.25; N, 3.47. Found: C, 50.35; H, 6.20; 
N，3.34. 
( lS ,2 /? ,3 /? ,4S ,5S) - l -A^ -Ace ty I -2 ,3 ,4 - t r i - 0 -ace ty l -5 -ace ty loxy ln ie thy l . 
cydohexane-2，3，4，5-tetraol. To a solution of 26 (8 mg) in pyridine (2 mL) was 
added AC2O (0.5 mL), catalytic amount of DMAP. The reaction mixture was allowed 
to stir at rt overnight and the solvent was removed under reduced pressure. The crude 
product was purified by flash chromatography with 5% MeOH in chloroform to afford 
26 A^,(9-pentaacetate (10 mg’ 60 %) as a amorphous solid: TLC Rf029 (5% MeOH in 
chloroform); [ a p l j ^ - l g . T (c 1.27, CHCI3); IR (neat) 3379，1733，1670 cm-l; iR 
N M R (270 M H z ) 5 1.97 (3H，s，Ac), 2.00 (3H，s, Ac) , 2.09 (3H, s, Ac) , 2.12 (3H, 
s，Ac), 2.13 (3H, s，Ac), 3.15 ( I H , br s, OH), 3.98 (2H, s，H-6), 4.1-4.2 ( I H , m, 
H-1)，5.30 (IH，d, y = 10.2 Hz，H-4), 5.37 (IH，t*, J : 3.05 Hz, H-2), 5.42 ( IH, 
dd, J = 2.9, 10.2 Hz, H-2), 7.03 ( IH, br d, 7 = 7.8 Hz, NHAc), (Hax-7 and Heq-7 
overlapped with Acs) (*apparent splitting pattern); MS m/z (CI) 404 (M++1，63.77). 
( l / ? ,2 /? ,3 l? ,4S ,55 ) - l -N -Ace ty l -2 ,3 ,4 . t r i - 0 -ace ty l -5 -ace ty loxy l i ne thy l -
cycIohexane-2,3,4,5-tetraol. To a solution of 27 (10 mg, 0.052 mmol) in 
pyridine (2 mL) was added AC2O (0.25 mL) and catalytic amount of DMAP. The 
reaction mixture was allowed to stir at rt overnight and the solvent was removed under 
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reduced pressure. The crude product was purified by flash chromatography with 5% 
MeOH in chloroform to afford 27 A^O-pentaacetate (16.7 mg, 80 %) as a white solid: 
mp 273-275 TLC RfO,19 (5% MeOH in chloroform); [a]22j3 一 15.6。(c 0.55, 
CHCI3); IR (neat) 3422, 1728，1660 cm-1; i R NMR (250 MHz) 5 1.96 (6H, s, 2 x 
Ac)，2.10 (6H, s, 2 X Ac), 2.28 (3H，s, Ac), 2.94 ( IH, br s, OH), 3.91 and 4.02 
(2H，ABq, 7 = 11.4 Hz, H-6), 4.6-4.7 ( IH, m, H-1), 5.26 ( IH , d, / = 10.3 Hz, H-
4)，5.34 ( IH , dd ,7 = 2.7, 10.4 Hz, H-3), 5.45-5.55 (2H, m, 2H and NHAc), (Hax-7 
and Heq-7 overlapped with Acs); MS m/z (CI) 404 (M++1, 36.68). 
( l / ? , 2 5 , 3 / ? , 4 S , 5 S ) - 2 - A ^ - A c e t y I . l , 3 , 4 - t r i - 0 - a c e t y l - 5 - a c e t y I o x y I m e t h y l -
cyclohexane-l，3 ’4，5-tetraol. To a solution of 94 (0.05 g) in pyridine (3 mL) 
was added AC2O (0.25 mL) and catalytic amount of DMAP. The reaction mixture was 
allowed to stir at rt overnight and the solvent was removed under reduced pressure. 
The crude product was purified by flash chromatography with 5% MeOH in 
chloroform to afford 94 A^,0-pentaacetate (78 mg, 75 %) as a white solid: mp 
200-201 °C; TLC Rf 0.27 (5% MeOH in chloroform); [aJ^Vj^ 一 8 . 5 4 ° (c 0.82, 
CHCI3); IR (neat) 3400，1747，1666.5 cm-l; iR NMR (250 MHz) 8 1.92 (3H, s, 
Ac)，2.03 (3H，s，Ac), 2.04 (3H, s, Ac), 2.08 (3H, s, Ac), 2.10 (3H, s, Ac), 2.18 
( IH , dd, J = 4.8，13.7 Hz, Heq-7), 3.36 ( IH, br s, OH), 3.86 and 4.03 (2H, ABq, J 
=11.4 Hz, H-6), 4.33 ( IH, q*, J: 10.2 Hz, H-2), 5.21 ( IH, d ， / = 9.7 Hz, H-4), 
5.30 ( IH , t* , 7 = 9.9 Hz, H-3)，5.1-5.3 ( IH, m, H-1), 6.13 ( IH, br d, / = 9.9 Hz, 
NHAc), (Heq-7 overlapped with Acs) (*apparent splitting pattern); MS m/z (CI) 404 
(M++1，70.75). Anal. Calcd for C17H25O10N: C, 50.62; H, 6.25; N, 3.47. Found: 
C，50.24; H, 6.08; N, 3.35. 
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